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1 Introduction
1.1 Background 
The advent of the 21st century has seen information systems permeating across all aspects 
of human life. In the field of healthcare, there has been a widespread implementation of 
health informatics systems, also known as a health information technology system. 
Implementation of a health information technology system in a healthcare setting, such as 
a hospital, is aimed towards multiple goals. One of the primary goals for such an imple-
mentation is to have a real-time system for capturing and maintaining electronic health 
records (EHRs). For this reason, health information technology systems are also commonly 
known as EHR systems. In the following text, we will use the term EHR system to refer to 
a health information technology system. 
Yet another goal for such an informatics system is to support the work processes of the 
entity and its sub-units. For example, the EHR system may allow the doctor or a nurse to 
request a laboratory test or any procedure for a patient through the system’s software in-
terface, which can then be processed by the laboratory staff through their software interface 
provided by the system, and subsequently the billing department can add the procedure to 
the patient’s billing account using their own specialized software interface of the same 
system.  
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The EHR system supports the workflow of all these enterprise-centric, or business-centric 
activities, wherein the term business refers to the business of the healthcare entity in which 
the system is implemented. Such an EHR system can eliminate waste such as in terms of 
time and resources and contribute to process efficiencies and overall effectiveness of doing 
work. 
Implementation of an EHR system requires a team of experts from various domains, such 
as process managers, project managers, and software developers. It is a task requiring not 
only software expertise but also people expertise, process expertise, and project manage-
ment capabilities. In some scenarios, the EHR system may replace a traditional paper-based 
workflow while in another scenario a more modern EHR system may replace an older sys-
tem, with newer workflow models and upgraded software features. Irrespective of the sce-
nario of implementation, it can be broadly said the implementation of an EHR system is an 
exercise in change management. 
1.2 Motivation 
As discussed in the preceding section, the implementation of an EHR system is a complex 
task involving changes not only to processes and workflows but also to the mindset of the 
people who eventually will transition from a previous system to a new one.  
Any given EHR implementation project usually comprises of multifaceted aspects, with 
each of these aspects the responsibility of different teams or groups. Such responsibility 
may be assigned either explicitly or implicitly, depending on the approach of the imple-
mentation project. For example, there are always dedicated personnel to carry out project 
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management activities, such as planning all tasks, assigning resources to execute the plan, 
and then tracking the project in due course. There are also usually personnel who are re-
sponsible to ensure readiness of the end users, such as by conducting training sessions, 
communicating upcoming changes, etc. Further, the leadership is also interested in know-
ing the outcomes of the project, and usually there are personnel assigned to collect and 
track information along this aspect as well.  
Each group of personnel, however they may be organized within the enterprise, usually 
have some tracking mechanisms by which they track the aspect of implementation for 
which they are responsible. For example, the training personnel may be tracking the user 
trainings and reporting out the completion to the leadership. Similarly, the project person-
nel may be tracking the tasks and reporting completion status to the leadership. Once the 
project is implemented, outcomes are also tracked and reported. 
However, it is seen that there is a need for an overarching framework within which the 
entire implementation of the project may be tracked in a holistic manner, combining vari-
ous aspects into an overall view of the implementation. Further, in addition to tracking the 
completion and status of these various aspects, it is needed to have some way by which one 
could objectively measure the extent of progress, or lack thereof, with respect to the im-
plementation. Thus, it is important to be able to objectively measure the phenomenon of 
the implementation in a holistic manner, so that the same may be examined and evaluated. 
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1.3 Impact 
Development of a measurement and assessment framework for the implementation will 
help us not only to track the completion of the project from various aspects but also to view 
the overall health of the implementation project. It shall allow us to drill down to specific 
aspects and examine their health. Further, with the help of such a framework, one may 
understand the underlying factors that contribute to the success or failure of an implemen-
tation and quantify the extent to which such contribution exists. 
If a framework is so developed and implementation projects are measured using the same, 
it would enable objective comparison of different implementations, i.e. two different in-
stances of implementation of an EHR system. 
With a framework for objectively evaluating these phenomena made available, it would be 
possible to unravel and understand the linkage between the different aspects of an imple-
mentation project, such as those previously mentioned in a preceding section, and allow us 
to comment on what works, what doesn't and what can be corrected mid-flight.  
1.4 Purpose 
The primary and immediate purpose of this study was to test the feasibility of creating an 
objective framework that can be used to quantify the various aspects of the implementation 
of an EHR system (EPIC ®). The distinct aspects that we set out to objectively assess were 
as follows: 
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• The project management aspect, i.e. the approach, plan, and execution of the pro-
ject management principles used in the implementation of an EHR system. 
• The readiness aspect, i.e. the different human, political and environmental factors 
involved in the implementation of an EHR system. 
• The outcomes aspect, i.e. the result of the implementation of an EHR system, such 
as the user issues and tickets raised in the first few weeks post go-live of the imple-
mentation, as well as the Key Performance Indicators (KPIs) of the departments 
and entities whose workflows are supported by an EHR system. 
The aim was to conduct a pilot study of an actual EHR implementation project, collecting 
and analyzing data on all the above-mentioned aspects. It was anticipated that with the 
above study and data so collected and analyzed, it would become possible to define more 
specific measures for each of the three aspects further in an objective sense. These 
measures could be specified as an identified set of relevant variables that represent each of 
these aspects.  
With the variables so defined, it would then be possible to assign a score to the variables 
at a given point of time during the implementation. Here the term score does not necessarily 
have to be a number, but it could be any means of measurement, such as ranking, or scale, 
that could be used to indicate the health of a specific aspect, or sub-aspect represented by 
the variable. These scores could then be aggregated over the aspects or sub-aspects and 
then suitably combined to arrive at a health measure of the overall implementation project 
at the given point of time.  
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Further, since the implementation could be scored at any given point of time, the frame-
work could be used to score the project at regular intervals and see if the health of the 
project was improving or deteriorating over time. A deep dive of the evolving scores would 
reveal which aspects were scoring better and which ones were scoring worse and this would 
enable project managers and leadership to take specific, targeted remedial action as needed. 
Yet another advantage of this framework would be its ability to capture the evolving pro-
ject’s implementation health on regular intervals. If such patterns were standardized then 
it would be theoretically possible to compare the patterns of one project with patterns of 
another and this would enable an objective, measurable and attributable comparison of 
projects. 
Another purpose of this study was to help establish a prima facie case for future investiga-
tions aimed at developing an understanding of the underlying dynamics that take place 
during EHR implementations. 
1.5 Setting 
In this study we have tested the feasibility of creating an objective framework to measure 
the three aspects of implementation of an EHR system, namely, project management for 
the implementation, readiness of individuals to absorb the proposed changes and overarch-
ing outcomes (or key performance indicators) of the system.  
To this end, we have looked at the implementation of EPIC, a popular and well-established 
EHR system. EPIC has been implemented across the United States of America in commu-
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nity hospitals, children’s organizations, retail clinics, academic medical centers, rehab cen-
ters and independent practices. According to their website, www.epic.com, more than 250 
million patients have a current electronic record in one of their systems. 
At the University of North Carolina at Chapel Hill (UNC), EPIC is being implemented 
across the UNC Health Care network of hospitals. The Information Services Division (ISD) 
of UNC Health Care is tasked with the objective to implement EPIC at different entities 
within the UNC Health Care network. Typically, these implementations are structured as 
different projects, each project being called a GL #N, such as GL1, GL2, GL3 and so on, 
where GL stands for ‘Go Live’. For every GL project, an identified entity, or entities are 
targeted for a complete transition from their existing systems to EPIC. During the entire 
duration of the project, typically between 12 to 18 months, a dedicated project management 
group from the ISD is the custodian of the implementation.  
For this study, we looked at GL7, i.e. the implementation of EPIC at Nash General Hospital 
and Wayne Memorial Hospital in North Carolina, USA. We were in touch with two project 
managers from the ISD who oversaw the project from beginning to the end. In all, GL7 ran 
from July 2017 to December 2018, a period of 18 months. 
1.6 Scope 
The specific aim of this project was to conduct a pilot study of these implementations to 
see if it is possible to derive objective variables that can be quantitatively scored, thus rep-
resenting a means to measure each of the aforementioned three aspects. This involved the 
investigation of each of the aspect in the following manner: 
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• The project management aspect: An analysis of project’s documentation (project 
plans, trackers, reports etc.) and gathering firsthand perspectives of key players in 
the project management team, vis-à-vis their evaluation of the implementation. 
• The readiness aspect: A survey of users of EPIC to gather their impressions on 
the readiness of themselves, their departments, and their entities across the imple-
mentation project. 
• The outcomes aspect: A detailed analysis of post go-live issues reported for the 
implementation (relating to specific, or low level, outcomes of the project). Further, 
an assessment of KPIs at the individual, department, and entity level (relating to 
broad, or high level, outcomes of the project). 
1.7 Research Questions 
The primary research question which this study aimed to answer is given below. 
1. How may we objectively measure the following 
a. the project management aspect of implementation of an EHR in a healthcare set-
ting, corresponding to project management practices, plans, tracking mechanisms 
etc. 
b. the readiness aspect pertaining to the individual level, the department level, and the 
entity level for implementation of an EHR in a healthcare setting 
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c. the outcomes aspect of such an implementation project, corresponding to low level 
outcomes such as reported user issues and breakdowns during and after the imple-
mentation, as well as high level outcomes such as the KPIs reflecting on the work-
flows supported by an EHR system 
In addition to the primary research question, a desirable outcome of the study was also the 
following 
2. Through the development of such a measurement framework, may we establish a prima 
facie support for utilizing the framework to reveal the underlying factors that contribute 
to the success of the implementation 
In the present study, we shall take real-world data pertaining to implementation of an EHR 
system and through conducting the present study, we shall examine the feasibility of es-
tablishing such a measurement and evaluation framework to study the implementation of 
EHR systems. 
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2 Literature Review
With advancements in the technology and increasing exposure of society to information 
technological applications, Healthcare Information Technology systems, also commonly 
known as Electronic Health Record (EHR) systems, have become more complex and di-
verse. Corresponding to this shift, the need to evaluate them has also increased, and so has 
the complexity of the evaluation task. 
Andargoli et al. (2008) argued that rigorous evaluation is required to get the most benefits 
out of an EHR system [1]. Sun and Kantor (2006) postulated that effective evaluation is 
critical for further development and improvement of health information systems [2]. 
According to Ammenwerth et al. (2004), the evaluation of an implementation of an EHR 
system may be defined as “the act of measuring or exploring properties of an EHR (in 
planning, development, implementation, or operation), the result of which informs a deci-
sion to be made concerning that systems in a specific context” [3]. 
Friedman and Wyatt (2006) connected such an evaluation to the human, technological and 
environmental aspects, and their interactions [4]. However, as observed by Klecun-
Dabrowska and Cornford (2001), the evaluation of implementation of an EHR system is 
particularly challenging and complex, due to lack of consensus on what to measure, who 
to involve and how to evaluate [5]. Further, Ammenwerth et al. (2003) also argue there are 
many problems in conducting an evaluation, including the complexity, the lack of clarity, 
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the changing of evaluation goals during the study, influencing the users’ expectations and 
the evaluation of the motivations for evaluation [9].  
There have been attempts to create frameworks for EHR evaluation of implementation ef-
forts but as a general trend, they focus on various aspects of evaluation in a piecemeal 
manner. Yusof et al. [6] assert none of them provide a reproducible framework with an 
objective break-down of the key aspects of implementation which can be then used to eval-
uate EHR systems across the board. Stockdale and Standing (2006) assert one of the critical 
challenges for information systems evaluation is to develop frameworks that are not only 
sufficiently generic to be applicable to a wide range of applications [12]. 
Most existing evaluations of EHR systems focus on solely on the technical aspects rather 
than addressing the implementation as a phenomenon. This leads to poor evaluation of 
these systems [1], [6], [8]. Coiera (2003) suggests the evaluation of EHR systems should 
consider not only how usable they are for those who use them but also how well they inte-
grate into organization [13]. A good evaluation of EHR should be seen via socio-technical 
lens where the user of these systems is influenced by other users, and by the tasks they 
need to complete.  
From the meta-analysis of healthcare information systems frameworks conducted by An-
dargoli et al. (2016), it can be inferred that the various aspects to be considered in an eval-
uation framework must encompass the following aspects - systems development lifecycle, 
behavioral, and social relationships. This has served as a guiding principle for our proposal 
to study the evaluation framework from the aspects of project management, readiness, and 
outcomes aspects.  
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3 Methods
3.1 Approach 
This study was a retrospective data analysis from a completed implementation of EPIC ® 
at two entities, Nash General Hospital (Nash) and Wayne Memorial Hospital (Wayne), 
where the implementation project, code named GL7, ran for a period of 18 months, from 
July 2017 to December 2018. 
The eventual goal of this research is to propose a framework for measurement and evalua-
tion of the implementation of EHR systems. As a first step in this direction, this study 
aimed to examine the feasibility of developing such an objective framework, which can be 
used to get a holistic view of the entire implementation project, quantifying three different 
aspects of the implementation of an EHR system, namely Project Management, Readiness 
and Outcomes. 
To this end, we set up our investigation as a pilot study to test if we could collect relevant 
data from the GL7 implementation, and further to test if it was possible through suitable 
analysis to arrive at a framework for the desired measurement and evaluation of GL7 ret-
rospectively. As a result, we have identified specific data and methods that can be eventu-
ally used to build a framework for measurement and evaluation of future EHR implemen-
tation projects. 
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To collect the data from GL7, we partnered with the Project Manager of GL7 and Data 
Analyst whom supported the implementation. These two personnel were our key points of 
contact and our go-to sources for information about GL7. 
A cadence of weekly meetings was set up, starting January 2019 until April 2019. The 
purpose of these meetings was to gather data and information pertaining to GL7, to discuss 
and seek clarity on our evolving understanding of the implementation and to gain the per-
spectives of these project personnel on the health of the project during the various stages 
of implementation. 
The meetings with the project personnel helped us to gain an understanding of the project 
and provided us with an opportunity to share with them the goals of our study. This was 
useful for aligning all parties and arrive at a common platform where we could collaborate 
on this research study in the context of GL7. With this, we were able to collectively identify 
the following methods for each of the implementation aspects. 
• Project Management: Studying project documentation, such as project plans, sta-
tus reports, and minutes of meetings to ascertain variables that quantify the effec-
tiveness of meetings and completion of project tasks. 
• Readiness: Surveying a sample of users of EPIC at Nash and Wayne who went 
through the transition from legacy systems to EPIC, to quantify different contribu-
tors to the readiness before, during and after the implementation. 
• Outcomes: Collecting and analyzing data pertaining to KPIs at the individual, de-
partment, and entity level (high level, or broad, outcomes) and analyzing reports of 
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post go-live issues (low level, or narrow, outcomes) to develop variables that quan-
tify the efficiency of closure of issues (tickets) post go-live and impact of the im-
plementation on the performance (KPI). 
Ideally such a study would be conducted across the entire breadth of the implementation, 
investigating all departments and all users at both the entities. However, there were a cou-
ple of reasons due to which we had to scope down the study to limit our investigation to 
only certain departments. First, the time available for this study posed a significant con-
straint in implementing the above defined approach for each of the aspects, especially with 
administering a survey across all EPIC users at Nash and Wayne, which would require 
coordination with multiple departments and result in substantial delays. Second, the two 
entities have a different organization structure, so to maintain equivalence, we wanted to 
identify those departments which were similar between both entities in context of EPIC 
implementation. To establish equivalence, we looked at certain characteristics, such as de-
partments which were going to use the same EPIC applications at each entity, departments 
having the same kind of functional requirement and work processes, and departments for 
which unit level data could be possibly obtained, since most of the data available was ag-
gregated at the entity level. In identifying such common denominator departments, we also 
wanted to ensure that the chosen departments had a reasonable number of EPIC users who 
could be surveyed for Readiness aspect. 
With the shared understanding and the benefit of the personnel’s experience with GL7, we 
were able to scope down the study and chose the Laboratory and Pharmacy departments. 
Both these departments were present in a similar, independent functioning manner at Nash 
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as well as at Wayne. The Laboratory department interfaced with the EPIC application 
called Beaker and the Pharmacy department interfaced with the EPIC application called 
Willow. At the project level, the Pharmacy was the only named department for which there 
were some KPI metrics available - all other KPIs were reported at a hospital level. Due to 
the independent nature of the interactions of these departments with EPIC, we chose to 
restrict the data collection and analysis of Readiness and Outcomes aspects to these depart-
ments only, with them serving as a proxy for general EPIC implementation. It was also 
decided that the Project Management aspect would be studied at a GL level since it was 
not possible to untangle the Project Management aspect in context of specific departments.  
In the following sections we discuss in detail the data collection and analysis methodology. 
3.2 Data Collection 
3.2.1 Project Management (PM) 
To understand the Project Management aspect of implementation, we collected a large set 
of documents from the project personnel, which we list below, grouped by category. 
Project Scope Documents: We received one document each for Nash and Wayne outlin-
ing the scope of EPIC implementation at these entities. The scope covered information 
such as which EPIC applications would be deployed to replace existing applications, which 
EPIC applications would require interfacing with existing applications, which departments 
at the entity would require which applications from the EPIC ecosystem, which reports will 
be developed, and who will be key personnel in the implementation project. 
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These documents helped us in understanding the broad layout of EPIC and its interaction 
with the entity where it was to be implemented. It also helped us to appreciate the sheer 
magnitude of EPIC ecosystem as well as the complexity involved in the implementation. 
Project Plan Documents: We received a single project plan for GL7, which included a 
work breakdown structure for all tasks to be undertaken at both entities. The plan had in-
formation about the breakdown of the project into tasks and sub-tasks at multiple levels 
and along different workstreams. For each task, the plan document listed a unique Task ID, 
the planned start date, a planned finish date, planned duration, and the predecessors of the 
task. 
From these documents, we learned about the organization of work of implementation and 
its breakdown into smaller units. Again, the ISD team had meticulously planned out the 
project down to the details and this document helped us appreciate the number of tasks and 
subtasks that needed to be executed during the implementation.  
Task Tracking Report for GL7: The ISD personnel also shared with us a task report from 
Orion, the task tracking tool being used by the ISD team. The following lists some im-
portant columns from the task report ‘Task Id’, ‘Owner’, ‘Application’, ‘Task Name’, ‘Ra-
tionale’, ‘Notes’, ‘Start Date’, ‘Due Date’, ‘Status', ‘Estimated Hours’, ‘Actual Hours’, and 
‘Completed Date’. 
From this document, we learnt about the information being used to track the completion of 
tasks, such as the due date and the completion date. We also saw that a lot of meta-infor-
mation was being captured in addition to just the tracking information. Since this was a 
retrospective study, all tasks were marked as complete, however we infer that in mid-flight, 
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this same report will contain not only completed tasks but also all planned tasks and their 
status. 
Presentation Decks for Key Leadership Meetings: We received the presentation decks 
which were presented by the ISD personnel at two key milestone meetings, held 60 days 
before the go-live and 30 days before the go-live respectively, with separate files for each 
entity. The presentation decks contained information organized into sections titled ‘Project 
Assessment’ and ‘Operational Assessment’. Although these were summary decks, they 
went into quite a lot of detail for each section.  
The ‘Project Assessment’ section consisted of a status slide about the key project elements, 
e.g. application, training, communication, downtime planning etc., and a status slide for 
each EPIC application being deployed. The status slides used a Green vs. Yellow color 
language to denote the status, where green indicated good health and yellow indicated pres-
ence of risk, in context of go-live readiness. This was followed by articulation of risks and 
mitigation strategies, presented for each element or application.  
The ‘Operational Assessment’ section had a status slide for each department of the entity, 
such as Nursing, Pharmacy, Laboratory, etc., and included details about completed activi-
ties, upcoming activities and risks under the broad task focus areas of ‘Training Registra-
tion’, ‘Downtime Procedure Review’, ‘Workflow/Policy Concern’ and ‘Readiness Up-
date’.  
From these documents, we were able to identify which information was most important 
from a reporting perspective while the ISD team tracked the project before go-live and 
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understand the way in which the ISD team chose to summarize, depict and communicate 
that information in their deck. 
Presentation Decks for Operational Meetings with Local Entity Group: We received 
presentation decks which were presented by the ISD personnel to the leadership for each 
entity in communication meetings held fortnightly up until the date of go-live. The purpose 
of these meetings was to communicate a very high-level view of the project status to oper-
ational teams at each entity, reviewing key activities, highlighting risks, and appraising the 
entity leaders about upcoming key activities at their entity. The nature and emphasis of 
these communications changed over time as the project neared the go-live date. Initial 
meeting slides covered more information about plans, then subsequent meetings were fo-
cused on review of activities and upcoming activities and the later meetings were focused 
on readiness and risks. 
From these documents, we understood the differing emphasis areas for communication 
with this audience, i.e. the leadership at the entity, and appreciated the evolution of the 
communication goals. 
Presentation Decks for internal ISD Meetings: We received presentation decks which 
were presented internally by the ISD personnel to the project team meetings organized 
weekly during the entire project from kick-off to closure. The purpose of these meetings 
was to conduct a weekly review of the project execution. The presentation decks contained 
information organized into sections titled ‘Recap and General Information’, ‘Action 
Items’, ‘Team Updates’, ‘Risks/Issues’, ‘Training and Go-Live Support’, ‘Applica-
tions/Systems’.  
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Detailed sections in the slides included information about the completion of tasks, identi-
fying teams with overdue milestones, upcoming milestones, discussions on high risk items, 
status of training of users, status of migration from legacy systems to EPIC, and application 
wise status of implementation. In these meetings, just like for the communication meetings, 
we saw that focus of the project changed from initial months, to the date of go-live, and 
then again after go-live till closure. 
From these documents, we were able to see the evolving project focus with time from the 
kick-off to completion. 
Presentation Decks for Go-Live Executive Update Meetings: We received presentation 
decks which were presented by the ISD personnel to executive leadership in meetings held 
twice every day from date of go-live up to 14 days after go-live. Each deck contained post 
go-live status information for both entities. The presentation decks highlighted ‘Top Is-
sues’, ‘Top Closed Issues’, ‘Announcements’ and ‘Incident Statistics’.  
The 'Incident Statistics' included visual representation of number of issues by entity, num-
ber of issues by status of resolution, and open issues by assigned category. Further, there 
were charts showing progress in number of issues closed by day from go-live. Interestingly, 
there were also comparative charts showing comparisons between GL4, GL5 and GL7 
based on number of issues opened by day after go-live and number of issues in backlog by 
day after go-live.  
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From these documents, we were able to identify which information was most important 
from a reporting perspective while the ISD team tracked the project after go-live and un-
derstand the way in which the ISD team chose to summarize, depict and communicate that 
information in their deck. 
3.2.2 Readiness (RD) 
To understand the Readiness aspect of implementation, we developed a survey for EPIC 
users which contained a questionnaire that captured their perspectives as participants in the 
implementation process and their experience as users who transitioned from legacy sys-
tems to EPIC. 
The survey questionnaire was adopted from Mazur et al (2017) who had conducted a sim-
ilar study on the measuring the readiness of implementation of lean in a healthcare setting. 
After suitably adopting the questionnaire in the context of implementation of EHR systems, 
we organized the questions in the survey along the constructs of Environment, Individual’s 
Mindset, Individual’s Readiness, Application, and Adoption (See Figure 1). Within each 
construct, there were one or more themes, with each theme representing a group of ques-
tions, as outlined below. (see Appendix A for survey items). 
Under each of the themes, the survey questions were presented as statements and partici-
pants were asked to select their level of agreement with the statement. We had provided 5 
levels of agreement, i.e. ‘Strongly Disagree’, ‘Somewhat Disagree’, ‘Neither Agree nor 
Disagree’, ‘Somewhat Agree’ and ‘Strongly Agree’. 
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Figure 1 The Different Constructs of Readiness 
The survey was administered to a sample of EPIC users at Nash and Wayne. As per the 
scope of the study, this sample consisted of all staff members in the Pharmacy and Labor-
atory departments. Across both Nash and Wayne, there were a total number of 176 EPIC 
users who were invited to participate in the survey. 
Since this research study involved human subjects, this came under the purview of a review 
by the Institutional Review Board (IRB). An application for IRB approval was submitted 
Environment
• System Support (3 Qs)
• Administrative Support (4 Qs)
• Implementation Expectations (6 Qs)
• Rewards and Recognition (3 Qs)
Individual's Mindset
• Psychological Safety (4 Qs)
• Autonomy (3 Qs)
• Training (3 Qs)
• Time Availability (3 Qs)
Individual's Readiness
• Appropriateness (4 Qs)
• Efficacy (5 Qs)
• Valence (3 Qs)
Application
• Learning by Doing (4 Qs)
Adoption
• Committment (3 Qs)
• Leading Change in Others (4 Qs)
• Reflection and Internalization (5 Qs)
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to the IRB at University of North Carolina’s office of Human Research Ethics. The appli-
cation identified as Study # 19-0673 was eventually granted an IRB exemption within 2 
weeks of submitting the application. 
The survey was prepared and administered electronically using Qualtrics. Distribution of 
the survey was done via email using contact lists provided by each entity. The survey was 
completely anonymous in nature and no personal identifiable information was collected. 
However, we did ask demographic questions related to the participant’s role, years of ex-
perience in the current role, years of association with the entity and two questions related 
to their engagement with EPIC implementation, namely, whether they had participated in 
trainings and whether they had raised an incident report on EPIC. This demographic infor-
mation was collected in anticipation that we might be able to report results by demographic 
group.  
The survey was released via email to the invitees using the Qualtrics platform. Participants 
took a mean time of 22 minutes to respond to the survey, with a standard deviation of 34 
minutes. The Survey was made available for 1 week to the participants. In the first wave, 
we saw 11 responses within only a few hours but then only trickling activity till the next 
two days. Using the Qualtrics platform, we sent a reminder email to those invitees who had 
not filled up the survey. After the reminder email was sent, we also sent a request to the 
leadership at the entities, to encourage their staff to participate in the process. With the 
reminder and encouragement, we received 29 additional responses, bringing the total num-
ber of responses to 40. Out of the 40 responses received, 6 survey responses were found to 
be incomplete, so the results were reported based on 34 responses. 
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3.2.3 Outcomes (OC) 
To understand the Outcomes aspect of implementation, we collected the following docu-
ments from the project personnel as listed below, grouped by category. 
Incident Report for GL7: We received a summary report generated by a ticketing system 
used in EPIC post go-live. This ticketing system interfaced with the users, who could report 
issues on EPIC (as tickets), as well as with the ISD team, who could track the tickets to 
closure. Each ticket had a unique identifier, and the ticketing system recorded information 
such as name of the user who reported the issue, a description of the issue, and the date the 
issue was created. The other information stored against each ticket included, the priority 
assigned to each ticket (‘Critical’, ‘High’, ‘Moderate’, and ‘Low’), the category of the issue 
(‘Application’, ‘Hardware’, ‘System Software’, ‘Security’, ‘Network’, ‘Telecommunica-
tions’, ‘Information’, and ‘Account Admin’), the EPIC implementation functional group 
to which the issue was assigned, and the date the issue was closed. 
KPI Workbook: We received a KPI workbook which was used to track important KPIs 
by the ISD team. The KPIs were reported at various intervals which were available under 
pre-live and post-live headings. Most of the KPIs were reported at the entity level. How-
ever, only two KPIs were available at the department level for Pharmacy and Laboratory, 
namely, Formulary Compliance at Order Signing and Formulary Compliance at Order Ver-
ification. There were no specific KPIs available with the ISD team for Laboratory and 
within the time available for this project, this information, although sought, was not re-
ceived. However, KPIs were known to be collected by respective entities and future exten-
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sions of this work may find it usable to contact respective entities and ask for this infor-
mation early so that any hindrances in receiving this information may be resolved sooner 
in the study. For the present study we shall report data based on the one KPI received. 
3.3 Data Analysis 
3.3.1 Project Management (PM) 
As reported in the preceding section, we looked at the following types of documents to 
understand the Project Management aspect of implementation 
• Project Scope Documents 
• Project Plan Documents 
• Task Tracking Report for GL7 
• Presentation Decks for Key Leadership Meetings 
• Presentation Decks for Operational Meetings with Local Entity Group 
• Presentation Decks for Internal ISD Meetings 
• Presentation Decks for Go-Live Executive Update Meetings 
From these documents we were able to get a lay of the land from a project management 
perspective as far as the implementation of EPIC was concerned at both entities - Nash and 
Wayne. We were able to infer that the ISD team had been guided by best practices in pro-
ject management and project execution and had conscientiously tracked various aspects of 
this complex process.  
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To synthesize the variables that could represent the project management aspect, we decided 
to focus on two critical components that are in the ambit of project management and which 
influence the effectiveness of the implementation. These two components are (a) effective-
ness of meetings, and (b) completion of tasks from the project plan. These components 
were chosen since they will exist for all implementation projects irrespective of size and 
scope of the project. 
Below we discuss the genesis and analysis of each Project Management variable. 
3.3.1.1 Effectiveness of Meetings (PM_ME) 
We defined a variable (PM_ME) to represent the effectiveness of each planned meeting. 
This variable was scored taking into consideration multiple factors that contribute to the 
effectiveness of a meeting, such as whether the meeting took place, how many participants 
were present, etc. The individual factors that contribute to the variable for meeting effec-
tiveness were contingent on the nature and purpose of the meeting. 
A proforma was created to capture information from the ISD team about the meetings. The 
proforma consisted of two sections, the first section captured information about the type of 
the meeting, and the second section captured information about each instance of that meet-
ing type.  
In the first section, the following information was collected about the type of meeting. 
• Entity: The entity for which the meeting took place 
• Meeting Name: The name with which the meeting type was identified 
• Meeting Mode: Whether the meeting was in-person or online, or mixed 
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• Audience: The intended audience / participants for each meeting 
• Purpose: A high level statement of purpose for organizing this meeting type 
• Cadence: The intended cadence of the meeting 
In the second section, the following information was collected about each instance of the 
meeting type. 
• Planned Date: The date on which a meeting instance was planned, as per the ca-
dence 
• Effectiveness Factor 1: Did the meeting take place: A Yes/No question to indicate 
if the meeting took place as planned 
• Effectiveness Factor 2: Quality of attendance: A question that could be answered 
in terms of Poor, Average or Good, based on how many of the intended participants 
turned up at the meeting 
• Effectiveness Factor 3, and beyond: A definition of effectiveness factor(s) specific 
to this type of meeting. The factor(s) were posed either as two-level questions 
(Yes/No) or three level questions (Low/Medium/High or Poor/Average/Good) 
For this study, we analyzed four distinct types of meetings. With the help of the ISD per-
sonnel, we arrived at several factors that influence the effectiveness of each type of meeting 
and defined these factors in the second part of the proforma for that meeting type. This is 
an important aspect of the analysis, since it allows the framework enough flexibility to 
accommodate more meeting types and more factors that may be decided as per the context 
of the project. 
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To illustrate the scoring methodology, we take an example of one meeting type: the Oper-
ational Meetings with the Local Entity Group (LEG Meetings). The first part of the 
proforma for the LEG meetings was basic data collection about this meeting type. The 
second part of this proforma consisted of the following effectiveness factors.  
• Effectiveness Factor 1: Did the meeting take place? 
• Effectiveness Factor 2: What was the quality of attendance?  
• Effectiveness Factor 3: Was an impactful topic presented? 
• Effectiveness Factor 4: Was a UNC ISD Leader (director of above) Present?  
For scoring each effectiveness factor, we used the following methodology.  
• 2-level questions, e.g. Yes/No questions: A ‘No’ was given a score of 0, a ‘Yes’ 
was scored as 1 
• 3-level questions, e.g. Poor/Average/Good questions: A ‘Poor’ was assigned a 
score of 0, a ‘Average’ was given a score of 0.5 and a ‘Good’ was scored as 1 
The numerical scores of each factor were then added to obtain a final score for each meet-
ing instance. In the case of LEG Meetings, we had three Yes/No questions and one 
Poor/Average/Good question, meaning that the total score ranged from 0 to 4. Based on 
this, we could assign the following interpretation to the aggregate score, and thereby score 
the meeting effectiveness variable for this meeting instance. 
• An aggregated score greater than or equal to 3.0 implied a high effectiveness of this 
meeting instance, since getting this score requires a high value on a majority of the 
factors (i.e. at least three of the four factors). This aggregated score was regarded 
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as an overall score of ‘High’ and the meeting effectiveness variable (PM_ME) was 
scored as 1 for this meeting instance. 
• An aggregated score greater than or equal to 0 but less than 2.0 implied a low ef-
fectiveness of the meeting instance, since getting this score means attainment of 
high score on a minority of factors (i.e. on less than two factors out of the four 
factors). This aggregated score was regarded as an overall score of ‘Low and the 
meeting effectiveness variable (PM_ME) was scored as 0 for this meeting instance. 
• An aggregated score greater than or equal to 2.0 but less than 3.0 implied a medium 
effectiveness of this meeting instance, since getting this score requires a high value 
on at least half of the factors but not on a majority of factors (i.e. on at least two out 
of the four factors). This aggregated score was regarded as an overall score of ‘Me-
dium’ and the meeting effectiveness variable (PM_ME) was scored as 0.5 for this 
meeting instance. 
In another case, if we had an odd number of effectiveness factors, say five questions, then 
the score would have ranged from 0 to 5. Based on this, we could assign the following 
interpretation to the aggregate score, and thereby score the meeting effectiveness variable 
for this meeting instance. 
• An aggregated score greater than or equal to 3.0 implied a high effectiveness of this 
meeting instance, since getting this score requires a high value on a majority of the 
factors (i.e. at least three of the five factors). This aggregated score was regarded 
as an overall score of ‘High’ and the meeting effectiveness variable (PM_ME) was 
scored as 1 for this meeting instance. 
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• An aggregated score greater than or equal to 0 but less than or equal to 2.0 implied 
a low effectiveness of the meeting instance, since getting this score means attain-
ment of high score on less than a majority of factors (i.e. on maximum two factors 
out of the five factors). This aggregated score was regarded as an overall score of 
‘Low’ and the meeting effectiveness variable (PM_ME) was scored as 0 for this 
meeting instance. 
• An aggregated score greater than 2.0 but less than 3.0 implied a medium effective-
ness of this meeting instance, since getting this score requires a high value on at 
least a minority of the factors but not on a majority of factors (i.e. a high value on 
at least two out of the five factors but not a high value on three out of five factors). 
This aggregated score was regarded as an overall score of ‘Medium’ and the meet-
ing effectiveness variable (PM_ME) was scored as 0.5 for this meeting instance. 
As shown above, the meeting effectiveness variable (PM_ME) for each individual meeting 
can be assigned a score of 0, 0.5, and 1, corresponding to Low, Medium, and High, respec-
tively. The numerical PM_ME scores of individual meetings was further aggregated by 
calculating a total PM_ME score across all meetings planned during a given time period, 
say a week, so that this aggregated score reflected the overall meeting effectiveness score 
for that week. After an aggregated score was computed for the week, we assigned the ag-
gregated scores a level of Low, Medium, High, based on whether the number of meetings 
taken to compute the total was odd or even. 
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For an even number of meetings, say four meetings, the total score ranged from 0 to 4. 
Based on this, we could assign the following interpretation to the aggregate score, and 
thereby score the meeting effectiveness variable for the week as follows. 
• An aggregated score greater than or equal to 3.0 implied a high effectiveness of 
meetings in the week, since getting this score requires a high value on a majority 
of the meetings (i.e. at least three of the four meetings). This aggregated score was 
regarded as an overall score of ‘High’ for the PM_ME variable for the week. 
• An aggregated score greater than or equal to 0 but less than 2.0 implied a low ef-
fectiveness of meetings in the week, since getting this score means attainment of 
high score on a minority of the meetings (i.e. on less than two meetings out of the 
four factors). This aggregated score was regarded as an overall score of ‘Low’ for 
the PM_ME variable for the week. 
• An aggregated score greater than or equal to 2.0 but less than 3.0 implied a medium 
effectiveness of meetings in the week, since getting this score requires a high value 
on at least half of the meetings but not on a majority of meetings (i.e. on at least 
two out of the four meetings). This aggregated score was regarded as an overall 
score of ‘Medium’ for the PM_ME variable for the week. 
In another case, if we had an odd number of meetings during the week, say five meetings, 
then the score would have ranged from 0 to 5. Based on this, we could assign the following 
interpretation to the aggregate score, and thereby score the meeting effectiveness variable 
for the week as follows. 
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• An aggregated score greater than or equal to 3.0 implied a high effectiveness of 
meetings in the week, since getting this score requires a high value on a majority 
of the meetings (i.e. at least three of the five meetings). This aggregated score was 
regarded as an overall score of ‘High’ for the PM_ME variable for the week. 
• An aggregated score greater than or equal to 0 but less than or equal to 2.0 implied 
a low effectiveness of the meetings this week, since getting this score means attain-
ment of high score on less than a majority of meetings (i.e. on maximum two meet-
ings out of five). This aggregated score was regarded as an overall score of ‘Low’ 
for the PM_ME variable for the week. 
• An aggregated score greater than 2.0 but less than 3.0 implied a medium effective-
ness of the meetings in the week, since getting this score requires a high value on 
at least a minority of the meetings but not on a majority of meetings (i.e. a high 
value on at least two out of the five meetings but not a high value on three out of 
five meetings). This aggregated score was regarded as an overall score of ‘Medium’ 
for the PM_ME variable for the week. 
3.3.1.2 Efficiency of Task Completion (PM_TC) 
We defined a variable to represent the efficiency of task completion as per the project plan. 
This variable was scored taking into considerations the various aspects of task completion 
which was being tracked by the team. From the task tracking report, we found that we 
could bucket the tasks into various categories.  
• Tasks that were due this week and completed this week (A) 
32 
 
• Tasks that were due this week and could not be completed this week, and so will 
be carried forward to next week (B) 
• Tasks that were brought forward from previous weeks and completed this week (C) 
• Tasks that were brought forward from previous weeks and could not be completed 
this week, and so will be carried forward to next week (D) 
• Tasks that were due this week but completed ahead of time in prior weeks (E) 
• Tasks that are due in the future but completed ahead of time in this week (F) 
Based on these categories we identified scores to represent the performance on task com-
pletion in each bucket. Each of the individual scores is a factor which effectively contrib-
utes to the net score for the task completion effectiveness variable. The following lists the 
calculation of each factor for a given week. 
• Backlog Completion Metric (BCM): This metric is a measure of the proportion of 
tasks which were completed this week out of all the tasks that were brought forward 
as backlog since last week. 𝐵𝐶𝑀 =
𝐶
𝐶+𝐷
 
• Listed Completion Metric (LCM): As we saw, there is a difference between the 
number of tasks due as per the plan at the beginning of the week, and the number 
of tasks actually due at the beginning of a week. This is because some tasks which 
were due this week may be completed ahead of time in the previous weeks, thus 
reducing the burden of tasks which are effectively due this week. We refer to this 
reduced burden as the number of listed tasks. The listed completion metric is a 
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measure of the proportion of tasks which were completed this week out of all the 
listed tasks for the week. 𝐿𝐶𝑀 =
𝐴
𝐴+𝐵
 
• Weekly Completion Metric (WCM): The weekly completion metric measures the 
proportion of the number of completed tasks in this week, out of the total listed as 
well as brought forward tasks for the week. Effectively, this represents the perfor-
mance of the team on the total burden of the tasks presented to them in the begin-
ning of the week. Here the denominator represents the effective tasks due for the 
week and the numerator represents how many of these were completed within the 
week. 𝑊𝐶𝑀 =
𝐴+𝐶
𝐴+𝐵+𝐶+𝐷
 
• Adjusted Weekly Completion Metric (WCM_Adj): We saw that in addition to com-
pleting the tasks which were part of the burden at the beginning of the week (i.e. 
backlog and listed tasks) the team may also complete those tasks which were pend-
ing in the future weeks as per the schedule. The weekly completion metric does not 
take into account the team’s effort on completion of tasks as an advanced measure. 
To account for such tasks, we adjust the Weekly Completion Metric by adding the 
number of these advanced completion tasks on both numerator and denominator. 
Effectively, this rewards the team for their extra effort in completion of future bur-
den in advance.  𝑊𝐶𝑀_𝐴𝑑𝑗 =
𝐴+𝐶+𝐹
𝐴+𝐵+𝐶+𝐷+𝐹
 
• Net Pendency Resolved Score (NPR): This is a measure of the net result of the 
efforts for the week on the pending tasks in the project. 𝑁𝑃𝑅 = 𝐶 − 𝐵  
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Except for NPR, each of the other factors was defined as a percentage. Depending on the 
value of the factor, the percentage value was attributed to a High/Medium/Low level based 
on thresholds. E.g. the thresholds for BCM were 33% and 50% i.e. BCM was considered 
High if above 50% and Low if below 33%, and Medium if between these values. In plain 
English, to be considered High performance level for a given week, the number of backlog 
tasks must be reduced by 50%, and if at least 33% of the backlog is not being resolved in 
the week, then that means a Low performance level on the Backlog Completion Metric. 
The thresholds for BCM were set at 33% and 50%. For LCM, WCM and WCM_Adj, the 
thresholds were set as 50% and 75%, respectively, such that a value below 50% was con-
sidered Low and a value above 75% was considered High and all scores between these 
values were considered Medium.  
Although we have used the above threshold values for our analysis, these threshold levels 
are not set in stone, and the proposed framework anticipates that at the beginning of the 
project, these thresholds can be suitably adjusted with consensus from the relevant stake-
holders in context of the project such as taking into consideration the timelines and re-
sources available. 
For NPR, the value was either positive (efforts of the week result in reduction of overall 
pendency, within the week) or negative (efforts of the week result in increase of overall 
pendency, within the week). A positive NPR score was considered High, and a negative 
NPR score was considered Low. A value of 0 for the NPR score was considered Medium. 
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To get the effective score for the Task Completion Effectiveness Variable, we propose the 
use of the NPR score since it represents the net performance score for the efforts of the 
week in reducing the overall pendency of tasks in the project. 
The completion performance score for each week serves as a score for the overall task 
completion effectiveness for that week. Extending this train of thought, with weekly task 
completion scores available, it becomes possible to analyze trends and compare these 
trends across projects. 
3.3.2 Readiness (RD) 
As reported in the preceding section, we conducted a survey of EPIC users at Nash and 
Wayne from the Pharmacy and Laboratory departments. The first part of the survey ques-
tions was to capture relevant demographic information about the respondents in context of 
the implementation and the second part of the survey consisted of presenting the respond-
ents with various statements that spoke to readiness with respect to EPIC implementation.  
To synthesize the variables that could represent the readiness aspect, we organized the 
questions into a two-level structure. The constructs at the top level were appropriately dis-
tinct to serve as the variables to represent the readiness variable and quantify different con-
tributors to the readiness before, during and after the implementation. Under each con-
struct, questions were grouped into labelled themes. The organization of the constructs and 
themes can be seen in Figure 1 in the previous section on Data Collection. We understand 
that the constructs proposed herein shall exist for all implementation projects irrespective 
of size and scope of the project. 
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3.3.2.1 Environment (RD_EV) 
The environment variable covers the following themes – System Support, Administrative 
Support, Implementation Expectation and Rewards & Recognition. It speaks to whether or 
not an environment conducive to the implementation existed. A conducive environment 
implied that there was support available for reporting and resolving issues, there was ad-
ministrative push and support for EPIC implementation, and the staff (end users) felt mo-
tivated by the leadership to use and learn EPIC. 
3.3.2.2 Individual’s Mindset (RD_IM) 
The individual’s mindset variable covers the following themes – Psychological Safety, Au-
tonomy, Training, Time Availability. It speaks to whether or not the individual’s had a 
mindset to adopt EPIC at their workplace. Positive individual’s mindset  implied that users 
felt safe to admit human errors while working on EPIC, they were given autonomy to en-
gage with EPIC enhancing activities, they felt prepared to participate based on the trainings 
received, and that they were given appropriate time to learn EPIC in addition to their day 
to day work activities. 
3.3.2.3 Individual’s Readiness (RD_IR) 
The individual’s readiness variable covers the following themes – Appropriateness, Effi-
cacy and Valence. This speaks to whether the users were ready to adopt EPIC, in terms of 
finding EPIC to be an improvement, feeling ready to use EPIC in their work, and to connect 
their use of EPIC to their job engagement and respect at the workplace. 
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3.3.2.4 Application (RD_AP) 
The application variable covers the themes of Learning by Doing. This speaks to whether 
the user really engaged with EPIC on a day to day basis. 
3.3.2.5 Adoption (RD_AD) 
The adoption variable covers the following themes – Commitment, Leading Change in 
Others, and Reflection & Internalization. It speaks to the extent of the adoption users feel 
for EPIC, such as whether they use EPIC for improving their operations, do they encourage 
and educate others about EPIC, do they propagate their knowledge and support the organ-
ization wide adoption of EPIC, and finally, whether they believe in EPIC. 
The analysis for each of the variables was along the same lines, in the following manner. 
Each readiness variable represented a unique component that contributed to the readiness 
of the users, encompassing the different human, political and environmental factors in-
volved in the implementation of an EHR system. Analogous to the variables defined for 
the project management aspect, each variable (i.e. each top-level class, or in other words, 
each construct) is further decomposed into one or more factors (i.e. second level classes, 
or in other words, themes). The themes are visualized as contributors to their respective 
variable. Each of the themes represents a group of questions on the survey.  
For analysis, we first calculated the score for each question. The level of agreement pro-
vided by each respondent was converted to a number. considering ‘Strongly Disagree’ as 
1, ‘Somewhat Disagree’ as 2, ‘Neither Agree nor Disagree’ as 3, ‘Somewhat Agree’ as 4 
and ‘Strongly Agree’ as 5. Then, for any given respondent, a score was calculated for every 
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construct and theme, by averaging the scores given by the same respondent for the ques-
tions included in the construct / theme. After this exercise, we obtained, for a given re-
spondent, an effective score for every construct and theme. We repeated this process to 
calculate the scores for each participant on all constructs and themes. 
For analysis, we took each construct and theme, one by one, and calculated the Mean score 
across all respondents. This mean score value reflected the average response across all 
respondents to questions included in the respective construct / theme. In addition to calcu-
lating the mean score for every construct / theme we also calculated the standard deviation 
(StdDev) of scores across all respondents, which showed the spread of scores across the 
respondents.  
For each construct and theme, we then calculated the value of Mean ± StdDev to arrive at 
a range of numbers that reflected the central range of participants level of agreement with 
the statements posed as questions on the respective theme or construct. 
The questions in the survey were posed as statements of an idealized scenario contributing 
to readiness, thus the level of agreement for each construct / theme expressed the overall 
view of the respondents to the extent they agreed that a given construct / theme was true 
for this implementation. E.g. If the mean score was close to 1, it meant that on an average, 
the participants had a strong disagreement with this construct / theme being applicable in 
GL7 and highlights a need for improvement along this construct / theme. 
To assign an objective High / Medium / Low level to the construct and theme, we defined 
the following guidance rules. The rules look at the lower value in the central range calcu-
lated above, i.e. they look at Mean – StdDev. Instead of looking just at the mean, we chose 
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to adjust the Mean by a value equal to the StdDev to accommodate for the spread while 
still excluding outliers. 
• If the lower limit of the central range is more than 3 then assign a score of High, 
since even after accommodating for the spread, the overall central range lies above 
3 implying most of the participants agreed with the statements included in this con-
struct / theme. 
• If the lower limit of the central range is less than 2.5 then assign a score of Low, 
since after accommodating for the spread, the overall central range lies below 2.5 
implying that a significant number of participants did not agree with the statements 
included in this construct / theme. 
• If the lower limit of the central range is more than 2.5, but less than 3.0 then assign 
a score of Medium as this is better than Low, but still worse than High. 
In this manner, we were able to assign a High / Medium / Low score to each variable 
(construct) in the Readiness aspect. 
We had initially planned to conduct a detailed analysis of the survey results, segregating 
results based on entity (Nash, Wayne), department (Pharmacy, Lab) and demographics 
(role, seniority, engagement, etc.). However, due to the small number of responses received 
we have only reported results for all 40 responses together.  
This readiness scores in this study are based on a retrospective look on GL7. However, the 
survey can be adopted to make it a regular feature which can be administered on a regular 
basis, say quarterly. A shorter survey may even be implemented on a monthly cycle. The 
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readiness scores can then be reported on a more regular basis. Extending this train of 
thought, with regular readiness scores available, it becomes possible to analyze trends and 
compare these trends across projects. 
3.3.3 Outcomes (OC) 
As reported in the Data Collection section, we looked at the following types of documents 
to understand the Outcomes aspect of implementation 
• Incident Report for GL7 
• KPI Workbook 
We used these documents to synthesize the variables that could represent the outcome as-
pect of implementation. We wanted to focus on the outcomes at two levels (a) a low level, 
or narrow, focus on the efficiency of closure of issues post go-live, and (b) a high level, or 
broad, focus on the impact of the implementation on the performance of the users. Both 
levels of focus were envisaged as different variables that represent the outcomes aspect.  
Below we discuss the genesis and analysis of each Outcome variable: 
3.3.3.1 Efficiency of Ticket Resolution (OC_TR) 
We defined a variable to represent the efficiency of closure of issues (tickets) post go-live. 
This variable was scored taking into consideration the factors that influence the process of 
receiving and resolving issues which are called tickets in information systems nomencla-
ture. The underlying factors that lead to issue resolution are (a) the rate at which tickets are 
being created, and (b) the rate at which the tickets are being resolved. From the difference 
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between these rates, there arises a third factor, i.e. (c) the volume of the backlog of unre-
solved tickets. These are tracked and reported by the ISD team already. We envision that 
the framework can adopt this tracking mechanism verbatim. 
Together, as part of the framework, these three factors represent the effectiveness with 
which the issues are being closed. 
From the project documentation, especially looking at the presentations for the meetings 
post go-live, we saw that for the first 14 days after go-live, ticket statistics were being 
tracked on a daily basis and were deemed very important information by the ISD team to 
be shared with the leadership team. From that perspective, we envisage the reckoning time 
duration for this variable should be 1 day. This means that this variable should be scored 
daily. 
The issue closure score can be tracked over time and may be aggregated if needed to be 
reported weekly, monthly, or based on any period, by averaging the daily score values over 
the time period. This aggregated score can serve as a score for the overall issue closure 
effectiveness for that period, say a week. Extending this train of thought, with daily or 
weekly issue closure score available, it becomes possible to analyze trends and compare 
these trends across projects. In the case of comparing the issue closure score, we considered 
the period during which comparison were made. For example, if the period over which 
comparisons were made is in the vicinity of the go-live date, say within a month, then it 
made sense to compare daily scores, setting date of go-live as Day 0. For time periods 
sufficiently away from the go-live date, say beyond one month, then it made sense to make 
comparisons on a weekly basis. 
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3.3.3.2 Performance on Key Performance Indicators (OC_KPI) 
Since there was only one particular Key Performance Indicator available to us in this study, 
there was not much analysis required. The KPI information was shared in a highly struc-
tured format, that allowed tracking of KPIs on a regular basis. We believe the framework 
can absorb this tracking mechanism verbatim. 
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4 Results 
In the preceding sections, we proposed a framework for evaluating three distinct aspects of 
the implementation of an EHR at an entity, such as a hospital. To test the feasibility of this 
framework, we collected data for a real-world implementation, code named GL7, of EPIC 
at Nash General Hospital and Wayne Memorial Hospital at North Carolina, USA. The de-
tails of the data collection and analysis aligned with the specific aspects of the framework 
have been presented in the preceding sections.  
We now present the results of this feasibility analysis, by showing how each of the three 
aspects of implementation can be measured objectively, as proposed in the framework, 
encompassing the relevant variables along each aspect, as identified from the data analysis.  
4.1 Project Management 
This aspect of the implementation was measured using the following two variables 
• Effectiveness of Meetings (PM_ME) 
• Efficiency of Task Completion (PM_TC) 
As outlined in the Data Analysis section, these variables were provided scores for each 
week of implementation, starting from the first week, i.e. project kick-off, up to the final 
week of completion of the project. In other words, the framework envisaged that the project 
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management aspect was assessed weekly and a score was computed for each variable every 
week. 
For this analysis, a week was taken as a period of seven days, starting on a Sunday, and 
ending on a Saturday. Thus, the results for each week were reported as if a reckoning of 
the project was done as per the state of affairs on the Saturday of the week. These days 
were chosen since even for a live project, the scoring of the efforts for the week would be 
computed in the report generated at the end of the week. 
In the section below we present the result of feasibility testing for each variable for Project 
Management (PM). 
4.1.1 Effectiveness of Meetings (PM_ME) 
We analyzed data for 4 types of meetings and prepared a feasibility analysis on a particular 
meeting type, known as the Local Entity Governance Meeting, for Nash as well as for 
Wayne. As outlined in the Data Analysis section, the data for this analysis was collected 
from the ISD personnel using a proforma created using a spreadsheet software, and the 
proforma was in two parts. The feedback collected from the ISD personnel was critical to 
prepare this analysis from a retrospective standpoint. The results from this analysis are 
presented as an example to illustrate the applicability of this framework. 
Illustration PM_ME_1: LEG meetings at Nash 
First, we look at the Local Entity Governance Meetings at Nash. Below, Figure 2 and 
Figure 3 show the two sections of the proforma used to capture, and then analyze the data.  
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Figure 2 Details of the Local Entity Governance (LEG) Meeting at Nash 
Figure 2 captures the details about the meeting type known as the Local Entity Group 
Meeting at Nash. From this we can gather that the LEG meeting at Nash was an in-person 
meeting that catered to the Local Entity Governance group at the hospital. The purpose of 
the meeting was to communicate the key activities of EPIC implementation to this audi-
ence. Further, we can also see that the meeting was planned fortnightly, starting from Week 
15 to Week 45 of the project.  
 
Figure 3 The Meeting Effectiveness Scorecard for the LEG meeting at Nash 
Figure 3 shows the computation of scores for each planned instance of the meeting. To 
illustrate, we can take the first record, i.e. Week 15. In this week, the meeting was planned 
on 1/15/2018 but the actual meeting took place on 1/16/2018. The next four columns cor-
respond to each of the four effectiveness measures of this meeting. Recall that in the Data 
Analysis section we had mentioned that these effectiveness measures may be differently 
envisaged for each meeting type, depending on the audience and the purpose. The answers 
Entity Nash - GL7
Meeting Name Operational Meeting
Meeting Mode In-person
Audience Local Entity Governance Group
Purpose Communicate key activities related to the Epic@UNC project implementation.
Cadence Fortnightly, from Week 15 to Week 45
Factor #1 Factor #2 Factor #3 Factor #4
Did the Meeting 
take place within 
the week?
Quality of 
Attendance
Impactful Topic 
Presented?
UNC ISD Leader 
Present (Director 
or Above)
Week 15 1/15/2018 1/16/2018 Yes Good Yes Yes 4.0 High
Week 17 1/29/2018 - No - - - 0.0 Low
Week 19 2/12/2018 2/12/2018 Yes Average Yes Yes 3.5 High
Week 21 2/26/2018 - No - - - 0.0 Low
Week 23 3/12/2018 - No - - - 0.0 Low
Week 25 3/26/2018 3/26/2018 Yes Average Yes No 2.5 Medium
Week 27 4/9/2018 4/9/2018 Yes Average Yes No 2.5 Medium
Week 29 4/23/2018 4/23/2018 Yes Poor No No 1.0 Low
Week 31 5/7/2018 5/9/2018 Yes Average No No 1.5 Low
Week 33 5/21/2018 5/21/2018 Yes Good Yes No 3.0 High
Week 35 6/4/2018 6/4/2018 Yes Good Yes Yes 4.0 High
Week 37 6/18/2018 6/20/2018 Yes Average Yes No 2.5 Medium
Week 39 7/2/2018 - No - - - 0.0 Low
Week 41 7/16/2018 7/16/2018 Yes Good Yes Yes 4.0 High
Week 43 7/30/2018 7/30/2018 Yes Average Yes Yes 3.5 High
Week 45 8/13/2018 8/13/2018 Yes Good Yes Yes 4.0 High
Meeting 
Date 
(Actual)
Project 
Week
Meeting 
Date 
(Planned)
Meeting 
Effectiveness 
Score
Meeting 
Effectiveness 
Score Level
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for each factor were collected as a feedback from the ISD personnel and the scores for each 
answer were assigned on the basis of the scoring system outlined previously in the Data 
Analysis section. Next, the scores of the individual factors were aggregated using sum and 
a final score of 4.0 was obtained. Based on the coding outlined in the Data Analysis section, 
we consider this value as a High score. Accordingly, for Week 15, the Meeting Effective-
ness Score (PM_ME) for the LEG meeting at Nash is 4.0 (High). 
Looking at Figure 3, we can see that out of 16 planned meetings, 7 meetings received a 
score of High and 3 meetings received a score of Medium as per the framework. Out of the 
remaining 6 planned meetings, 2 meetings took place and received a score of Low and 4 
meetings did not take place, automatically receiving a score of Low.  
As per the framework, if there were other types of meetings that also took place at Nash in 
Week 15, we would compute their individual PM_ME scores just like above, based on the 
factors relevant to those meetings, and then aggregate the PM_ME scores for all the meet-
ings from the week to arrive at an overall PM_ME score for Week 15 for this implementa-
tion at Nash. 
Illustration PM_ME_2: LEG meetings at Wayne 
We now look at the Local Entity Governance Meetings at Wayne. Below, Figure 4 and 
Figure 5 show the two sections of the proforma used to capture, and then analyze the data.  
 
Figure 4 Details of the Local Entity Governance Meeting at Wayne 
Entity Wayne - GL7
Meeting Name Operational Meeting
Meeting Mode In Person
Audience Local Entity Governance Group
Purpose Communicate key activities related to the Epic@UNC project implementation.
Cadence Fortnightly, from Week 23 to Week 45
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Figure 4 captures the details about the meeting type known as the Local Entity Group 
Meeting at Wayne. From this we can gather that the LEG meeting at Wayne was an in-
person meeting that catered to the Local Entity Governance group at the hospital. The pur-
pose of the meeting was to communicate the key activities of EPIC implementation to this 
audience. Further, we can also see that the meeting was planned fortnightly, starting from 
Week 23 to Week 45 of the project.  
 
Figure 5 The Meeting Effectiveness Scorecard for the LEG meeting at Wayne 
Figure 5 shows the computation of scores for each planned instance of the meeting. To 
illustrate, we can take the third record, i.e. Week 27. In this week, the meeting was planned 
on 4/10/2018 and took place as planned. The next four columns correspond to each of the 
four effectiveness measures of this meeting. The answers for each factor were collected as 
a feedback from the ISD personnel and the scores assigned. Next, the scores of the indi-
vidual factors were aggregated using sum and a final score of 2.5 was obtained. Based on 
the coding outlined in the Data Analysis section, we consider this value as a Medium score. 
Accordingly, for Week 27, the Meeting Effectiveness Score (PM_ME) for the LEG meet-
ing at Wayne is 4.0 (High). 
Looking at Figure 5, we can see that out of 12 planned meetings, 5 meetings received a 
score of High and 4 meetings received a score of Medium as per the framework. Out of the 
Factor #1 Factor #2 Factor #3 Factor #4
Did the Meeting 
take place within 
the week?
Quality of 
Attendance
Impactful Topic 
Presented?
UNC ISD Leader 
Present (Director 
or Above)
Week 23 3/13/2018 3/13/2018 Yes Good Yes Yes 4.00 High
Week 25 3/27/2018 3/27/2018 Yes Good Yes Yes 4.00 High
Week 27 4/10/2018 4/10/2018 Yes Average Yes No 2.50 Medium
Week 29 4/24/2018 4/24/2018 Yes Average Yes No 2.50 Medium
Week 31 5/8/2018 5/8/2018 Yes Average No No 1.50 Low
Week 33 5/22/2018 5/22/2018 Yes Average Yes No 2.50 Medium
Week 35 6/5/2018 6/5/2018 Yes Good Yes Yes 4.00 High
Week 37 6/19/2018 6/19/2018 Yes Average Yes No 2.50 Medium
Week 39 7/3/2018 7/11/2018 Yes Good Yes Yes 4.00 High
Week 41 7/17/2018 - No - - - 0.00 Low
Week 43 7/31/2018 7/31/2018 Yes Average Yes Yes 3.50 High
Week 45 8/14/2018 - No - - - 0.00 Low
Project 
Week
Meeting 
Date 
(Planned)
Meeting 
Date 
(Actual)
Meeting 
Effectiveness 
Score
Meeting 
Effectiveness 
Score Level
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remaining 3 planned meetings, 1 meeting took place and received a score of Low and 2 
meetings did not take place, automatically receiving a score of Low.  
Analogous to the discussion in Illustration PM_ME_1, the individual PM_ME scores of all 
other meetings at Wayne during a given week would be aggregated by taking a sum of 
PM_ME scores of each such meeting to arrive at an overall PM_ME score for that week 
for this implementation at Wayne. 
4.1.2 Efficiency of Task Completion (PM_TC) 
We analyzed the task tracking report and computed statistics by grouping data for each 
week, with week starting on a Sunday and ending on a Saturday. As outlined in the Data 
Analysis section, tasks included in the analysis for each week were grouped under different 
buckets and scores computed using the formulae described previously. Scores were com-
puted for each variable, namely the Backlog Completion Metric (BCM), the Listed Com-
pletion Metric (LCM), the Weekly Completion Metric (WCM), the Adjusted Weekly Com-
pletion Metric (WCM_Adj) and the Net Pendency Resolved (NPR) Score. 
From an ISD perspective, the whole project was single project encompassing both entities, 
thus the task completion scores were computed as part of a single analysis at the project 
level and not the entity level. The results from this analysis are presented as an example to 
illustrate the applicability of this framework. 
In Figure 6 below, we see the results of task analysis and computation of the different 
scores for each of the factors. We carried out this analysis for the entire span of the project, 
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i.e. from Week 1 to Week 55. However, for the purpose of brevity and simplicity, we refer 
to Figure 7, focusing on Week 10 to Week 16 as illustration. 
 
Figure 6 The Task Completion Scorecard for GL7 
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Week 1 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 2 1.0 0 0 0 Medium 0 0 0 0 0 0
Week 2 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 7 1.0 0 0 0 Medium 0 0 0 0 0 0
Week 3 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 79 1.0 0 0 0 Medium 0 0 0 0 0 0
Week 4 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 57 1.0 0 0 0 Medium 0 0 0 0 0 0
Week 5 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 103 1.0 0 0 0 Medium 0 0 0 0 0 0
Week 6 0 0 0 1.0 2 1 1 1 0 1.0 1 1 0 1.0 228 1.0 0 0 0 Medium 2 1 1 0 0 0
Week 7 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 244 1.0 0 0 0 Medium 2 1 1 0 0 0
Week 8 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 131 1.0 0 0 0 Medium 2 1 1 0 0 0
Week 9 0 0 0 1.0 0 0 0 0 0 1.0 0 0 0 1.0 296 1.0 0 0 0 Medium 2 1 1 0 0 0
Week 10 0 0 0 1.0 401 252 149 122 27 0.8 149 122 27 0.8 84 0.9 27 0 -27 Low 403 253 123 27 0 27
Week 11 27 14 13 0.5 1 0 1 0 1 0.0 28 14 14 0.5 86 0.9 1 14 13 High 404 253 123 28 14 14
Week 12 14 0 14 0.0 7 5 2 0 2 0.0 16 0 16 0.0 30 0.7 2 0 -2 Low 411 258 123 30 14 16
Week 13 16 7 9 0.4 3 1 2 2 0 1.0 18 9 9 0.5 151 0.9 0 7 7 High 414 259 125 30 21 9
Week 14 9 3 6 0.3 4 1 3 1 2 0.3 12 4 8 0.3 149 1.0 2 3 1 High 418 260 126 32 24 8
Week 15 8 2 6 0.3 2 2 0 0 0 1.0 8 2 6 0.3 69 0.9 0 2 2 High 420 262 126 32 26 6
Week 16 6 3 3 0.5 1 1 0 0 0 1.0 6 3 3 0.5 267 1.0 0 3 3 High 421 263 126 32 29 3
Week 17 3 0 3 0.0 1090 947 143 91 52 0.6 146 91 55 0.6 185 0.8 52 0 -52 Low 1511 1210 217 84 29 55
Week 18 55 36 19 0.7 0 0 0 0 0 1.0 55 36 19 0.7 220 0.9 0 36 36 High 1511 1210 217 84 65 19
Week 19 19 9 10 0.5 8 2 6 4 2 0.7 25 13 12 0.5 328 1.0 2 9 7 High 1519 1212 221 86 74 12
Week 20 12 1 11 0.1 1 0 1 0 1 0.0 13 1 12 0.1 191 0.9 1 1 0 Medium 1520 1212 221 87 75 12
Week 21 12 2 10 0.2 1298 1083 215 162 53 0.8 227 164 63 0.7 169 0.8 53 2 -51 Low 2818 2295 383 140 77 63
Week 22 63 34 29 0.5 7 1 6 2 4 0.3 69 36 33 0.5 159 0.9 4 34 30 High 2825 2296 385 144 111 33
Week 23 33 18 15 0.5 2 1 1 0 1 0.0 34 18 16 0.5 207 0.9 1 18 17 High 2827 2297 385 145 129 16
Week 24 16 3 13 0.2 2 0 2 0 2 0.0 18 3 15 0.2 139 0.9 2 3 1 High 2829 2297 385 147 132 15
Week 25 15 2 13 0.1 1195 928 267 169 98 0.6 282 171 111 0.6 22 0.6 98 2 -96 Low 4024 3225 554 245 134 111
Week 26 111 85 26 0.8 2 0 2 1 1 0.5 113 86 27 0.8 125 0.9 1 85 84 High 4026 3225 555 246 219 27
Week 27 27 14 13 0.5 9 2 7 3 4 0.4 34 17 17 0.5 100 0.9 4 14 10 High 4035 3227 558 250 233 17
Week 28 17 6 11 0.4 9 4 5 2 3 0.4 22 8 14 0.4 147 0.9 3 6 3 High 4044 3231 560 253 239 14
Week 29 14 2 12 0.1 7 4 3 2 1 0.7 17 4 13 0.2 190 0.9 1 2 1 High 4051 3235 562 254 241 13
Week 30 13 6 7 0.5 836 759 77 57 20 0.7 90 63 27 0.7 13 0.7 20 6 -14 Low 4887 3994 619 274 247 27
Week 31 27 10 17 0.4 1 0 1 0 1 0.0 28 10 18 0.4 42 0.7 1 10 9 High 4888 3994 619 275 257 18
Week 32 18 4 14 0.2 11 4 7 1 6 0.1 25 5 20 0.2 61 0.8 6 4 -2 Low 4899 3998 620 281 261 20
Week 33 20 3 17 0.2 0 0 0 0 0 1.0 20 3 17 0.2 31 0.7 0 3 3 High 4899 3998 620 281 264 17
Week 34 17 8 9 0.5 356 264 92 55 37 0.6 109 63 46 0.6 18 0.6 37 8 -29 Low 5255 4262 675 318 272 46
Week 35 46 19 27 0.4 5 0 5 1 4 0.2 51 20 31 0.4 12 0.5 4 19 15 High 5260 4262 676 322 291 31
Week 36 31 1 30 0.0 15 6 9 1 8 0.1 40 2 38 0.1 31 0.5 8 1 -7 Low 5275 4268 677 330 292 38
Week 37 38 10 28 0.3 7 1 6 4 2 0.7 44 14 30 0.3 30 0.6 2 10 8 High 5282 4269 681 332 302 30
Week 38 30 10 20 0.3 208 115 93 38 55 0.4 123 48 75 0.4 4 0.4 55 10 -45 Low 5490 4384 719 387 312 75
Week 39 75 41 34 0.5 10 3 7 4 3 0.6 82 45 37 0.5 9 0.6 3 41 38 High 5500 4387 723 390 353 37
Week 40 37 9 28 0.2 10 2 8 0 8 0.0 45 9 36 0.2 5 0.3 8 9 1 High 5510 4389 723 398 362 36
Week 41 36 8 28 0.2 13 1 12 4 8 0.3 48 12 36 0.3 10 0.4 8 8 0 Medium 5523 4390 727 406 370 36
Week 42 36 7 29 0.2 9 6 3 0 3 0.0 39 7 32 0.2 9 0.3 3 7 4 High 5532 4396 727 409 377 32
Week 43 32 5 27 0.2 75 27 48 6 42 0.1 80 11 69 0.1 5 0.2 42 5 -37 Low 5607 4423 733 451 382 69
Week 44 69 23 46 0.3 3 0 3 0 3 0.0 72 23 49 0.3 7 0.4 3 23 20 High 5610 4423 733 454 405 49
Week 45 49 13 36 0.3 10 4 6 1 5 0.2 55 14 41 0.3 0 0.3 5 13 8 High 5620 4427 734 459 418 41
Week 46 41 7 34 0.2 1 0 1 0 1 0.0 42 7 35 0.2 4 0.2 1 7 6 High 5621 4427 734 460 425 35
Week 47 35 6 29 0.2 53 8 45 9 36 0.2 80 15 65 0.2 22 0.4 36 6 -30 Low 5674 4435 743 496 431 65
Week 48 65 18 47 0.3 4 2 2 0 2 0.0 67 18 49 0.3 0 0.3 2 18 16 High 5678 4437 743 498 449 49
Week 49 49 27 22 0.6 34 21 13 4 9 0.3 62 31 31 0.5 27 0.7 9 27 18 High 5712 4458 747 507 476 31
Week 50 31 29 2 0.9 82 47 35 25 10 0.7 66 54 12 0.8 0 0.8 10 29 19 High 5794 4505 772 517 505 12
Week 51 12 10 2 0.8 0 0 0 0 0 1.0 12 10 2 0.8 0 0.8 0 10 10 High 5794 4505 772 517 515 2
Week 52 2 0 2 0.0 1 0 1 1 0 1.0 3 1 2 0.3 0 0.3 0 0 0 Medium 5795 4505 773 517 515 2
Week 53 2 0 2 0.0 0 0 0 0 0 1.0 2 0 2 0.0 0 0.0 0 0 0 Medium 5795 4505 773 517 515 2
Week 54 2 0 2 0.0 0 0 0 0 0 1.0 2 0 2 0.0 0 0.0 0 0 0 Medium 5795 4505 773 517 515 2
Week 55 2 2 0 1.0 0 0 0 0 0 1.0 2 2 0 1.0 0 1.0 0 2 2 High 5795 4505 773 517 517 0
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Figure 7 The Task Completion Scorecard for GL7, showing rows only from Week 10 to Week 16 
Illustration PM_TC: Task Analysis 
In this illustration we will walk through the analysis for Week 14, referring to the results 
from Figure 7 above.  
Calculation of BCM 
The BF_BroughtForward column shows the total number of tasks that were brought for-
ward to this week. These 9 tasks constituted the backlog at the beginning of the week. The 
next column titled BF_Completed shows a value of 3 and the column titled BF_Carried-
Forward shows a value of 6. This means that out of the 9 tasks in the backlog, 3 tasks were 
completed in the week (backlog reduced), and 6 were carried forward to the future.  
Recall from the Data Analysis section that we had bucketed the tasks into various catego-
ries. The BF_Completed column corresponds to Bucket C and the BF_CarriedForward 
column corresponds to Bucket D. Based on the values of C and D, we calculated the Back-
log Completion Metric (BCM) as 0.33 for this week, using the formula 𝐵𝐶𝑀 =
𝐶
𝐶+𝐷
. This 
calculation is shown in the next column (the value in the figure shows numerals only up to 
one decimal place, for brevity). As the thresholds for the BCM (to assign High, Medium, 
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Week 10 0 0 0 1.0 401 252 149 122 27 0.8 149 122 27 0.8 84 0.9 27 0 -27 Low 403 253 123 27 0 27
Week 11 27 14 13 0.5 1 0 1 0 1 0.0 28 14 14 0.5 86 0.9 1 14 13 High 404 253 123 28 14 14
Week 12 14 0 14 0.0 7 5 2 0 2 0.0 16 0 16 0.0 30 0.7 2 0 -2 Low 411 258 123 30 14 16
Week 13 16 7 9 0.4 3 1 2 2 0 1.0 18 9 9 0.5 151 0.9 0 7 7 High 414 259 125 30 21 9
Week 14 9 3 6 0.3 4 1 3 1 2 0.3 12 4 8 0.3 149 1.0 2 3 1 High 418 260 126 32 24 8
Week 15 8 2 6 0.3 2 2 0 0 0 1.0 8 2 6 0.3 69 0.9 0 2 2 High 420 262 126 32 26 6
Week 16 6 3 3 0.5 1 1 0 0 0 1.0 6 3 3 0.5 267 1.0 0 3 3 High 421 263 126 32 29 3
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Low scores) were 0.33 and 0.50, this value was been assigned a score level of Medium 
since the score lied between 0.33 and 0.50.  
Calculation of LCM 
The next column, Due_Planned shows a value of 4, the total number of tasks that were due 
in Week 14 as per the project plan. Next, the column Due_AlreadyComplete shows that 
out of these 4 tasks, 1 task was already completed in previous weeks. These 9 tasks consti-
tuted the backlog at the beginning of the week. This number corresponds to Bucket E from 
our categorization of tasks. With 1 out of 4 tasks completed, the number of listed tasks for 
the week was actually 3, which is reflected in the next column titled Due_Listed. Out of 
the listed tasks, i.e. the actual burden for the week, we can see from the next column, 
Listed_Complete, that 1 task was completed in the week, resulting in the remaining two 
tasks being carried forward to the future, as shown by the number 2 in the next column 
titled Listed_CarriedForward.  
Based on the categorization of tasks, the values in column Listed_Complete corresponded 
to Bucket A and the values in column Listed_CarriedForward corresponded to Bucket B. 
Based on the values of A and B, we calculated the Listed Completion Metric (LCM) as 
0.33 for this week, using the formula 𝐿𝐶𝑀 =
𝐴
𝐴+𝐵
. This calculation is shown in the next 
column (the value in the figure shows numerals only up to one decimal place, for brevity). 
As the thresholds for the LCM (to assign High, Medium, Low scores) were 0.50 and 0.75, 
this value was assigned a score level of Low since the score was below 0.50.  
Calculation of WCM 
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In the next column, titled Burden_ThisWeek, we see a value of 12. This corresponds to the 
total tasks which were part of the burden for the week (9 backlog and 3 listed). This is a 
numerical sum of the number of tasks from the buckets A, B, C and D. The next column, 
titled Burden_Completed, shows the total number of tasks from this burden, i.e. 4 tasks 
which were completed in the week, corresponding to the sum of A and C. Consequently, 
this means that out of the burden of 12 tasks, 4 tasks were completed in the week and the 
remaining 8 tasks were carried forward. The number 8 can be seen in the next column titled 
Burden_CarriedForward. 
Based on these values, we calculated the Weekly Completion Metric (WCM) as 0.33 for 
this week, using the formula  𝑊𝐶𝑀 =
𝐴+𝐶
𝐴+𝐵+𝐶+𝐷
. This calculation is shown in the next 
column (the value in the figure shows numerals only up to one decimal place, for brevity). 
As the thresholds for the WCM (to assign High, Medium, Low scores) were 0.50 and 0.75, 
this value was assigned a score level of Low since the score was below 0.50. As we have 
commented before, the WCM takes into account the completion of backlog tasks as well 
as listed tasks, so in a way, it shows a cumulative effect of both BCM and LCM. It shows 
the efficiency with which the team completed the burden of tasks presented to them at the 
beginning of the week. 
Calculation of WCM_Adj 
While WCM measures the performance of team on the tasks that were part of their burden 
up to that week, we also wanted to evaluate the efforts of the team in terms of completing 
tasks in advance. For example, the three metrics BCM, LCM and WCM do not consider 
the efforts put into completion of tasks in advance. The idea was to have a metric that 
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reflected these efforts by the team as well, since the completion of tasks in advance reduces 
the burden for future weeks. We incorporated this thinking, by defining the Adjusted WCM 
metric, known as WCM_Adj.  
The next column, titled Unlisted_Completed, reflects a value of 149, which corresponds to 
the number of tasks which were completed in advance by the team during the present week. 
From our defined categories of tasks, this number of 149 corresponds to Bucket F. This is 
a high number and interestingly, as we saw in GL7, the completion of tasks in advance was 
a crucial factor in meeting the task demands of the project and contributed to successful 
implementation. This underscores the importance of having a WCM_Adj metric. 
Based on this value of F, and from the known values of A, B, C and D, we were able to 
calculate the Adjusted Weekly Completion Metric (WCM_Adj) as 1.0 for this week, using 
the formula  𝑊𝐶𝑀_𝐴𝑑𝑗 =
𝐴+𝐶+𝐹
𝐴+𝐵+𝐶+𝐷+𝐹
. This calculation is shown in the next column. As 
the thresholds for the WCM_Adj (to assign High, Medium, Low scores) were 0.50 and 
0.75, this value was assigned a score level of High since the score was above 0.50.  
Calculation of NPR 
In the next column, titled Listed_CarriedForward, we see a value of 2. This corresponds 
to the total tasks from the listed tasks for this week, which were carried forward as newly 
created backlog as a result of this week (Bucket B). Thereafter, the next column, titled 
BF_Completed, shows a value of 3, which corresponds to the number of tasks from the 
existing backlog which were completed in the week (Bucket C). Using these values of B 
and C, we calculated the Net Pendency Resolved (NPR) score for the week as 1, using the 
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formula 𝑁𝑃𝑅 = 𝐶 − 𝐵 . This calculation is shown in the next column. For the NPR score, 
the value of 1 means that the team finished the week with 1 task less in the backlog than 
what it entered the week with.  
As we discussed in the Data Analysis section, the overall Task Completion score (PM_TC) 
for the week was based on the NPR score. This was assigned a level of High, Medium, 
Low based on whether the NPR score was positive, zero or negative, respectively. In this 
case, the score was positive so the overall Task Completion score (PM_TC) level was as-
certained as High for Week 14. 
The next few columns, show a cumulative view of tasks from the beginning of the project 
up to Week 14. The Cum_Due_Planned column shows that 418 tasks were due since the 
start of the project up until (and including Week 14). Of these 418 tasks, some were com-
pleted before time, some were completed on time, and the remaining were carried forward 
in their respective weeks. This is shown respectively in the next three columns, 
Cum_Due_Completed_BeforeTime (260 tasks), Cum_Listed_Completed_OnTime (126 
tasks), and Cum_Listed_CarriedForward (32 tasks). The next column, Cum_BF_Com-
pleted shows the number of tasks, i.e. 24 tasks, which were completed in a brought forward 
scenario within these 14 weeks, i.e. they were carried forward at some point of time and 
then completed as part of the backlog, sometime within these 14 weeks. The next column, 
EOW_Pendency shows the number of tasks, i.e. 8, in the backlog at the end of these 14 
weeks. As a sanity check, this number (8) can be obtained by subtracting Cum_BF_Com-
pleted (24) from Cum_Listed_CarriedForward (24) as well as by subtracting the NPR 
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score (1) from the BF_BroughtForward (9) for the week. Consequently, the BF_Brought-
Forward value of the backlog at the start of the next week, i.e. Week 15 is 8, which is 
expected to be the same as the EOW_Pendency value. 
4.1.3 Overall Assessment of Project Management for GL 7 
In this section we comment on the overall assessment of Project Management aspect of 
implementation, by looking at the component scores of Meeting Effectiveness PM_ME 
and Task Completion (PM_TC).  
From the Meeting Effectiveness Scorecard for GL7 at Nash, shown in Figure 3 above, we 
see that out of 16 planned meetings, 7 meetings received a score of High and 3 meetings 
received a score of Medium as per the framework. Out of the remaining 6 planned meet-
ings, 2 meetings took place and received a score of Low and 4 meetings did not take place, 
automatically receiving a score of Low. Overall, out of 16 planned meetings, the score was 
Medium or High for 10 meetings, which is 62.5% of the planned meetings. If we ignore 
the meetings that could not take place, for whatever reason, then we see 12 meetings that 
actually took place, based on which a Medium or High score on 10 meetings corresponds 
to 83% of the actual meetings. 
From the Meeting Effectiveness Scorecard for GL7 at Wayne, shown in Figure 5 above, 
we see that out of 12 planned meetings, 5 meetings received a score of High and 4 meetings 
received a score of Medium as per the framework. Out of the remaining 3 planned meet-
ings, 1 meeting took place and received a score of Low and 2 meetings did not take place, 
automatically receiving a score of Low. Overall, out of 12 planned meetings, the score was 
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Medium or High for 9 meetings, which is 75% of the planned meetings. If we ignore the 
meetings that could not take place, for whatever reason, then we see 10 meetings that ac-
tually took place, based on which a Medium or High score on 9 meetings corresponds to 
90% of the actual meetings. 
Coming to the Task Completion aspect, which was analyzed in a single analysis for GL7 
across Nash and Wayne. From the overall Task Completion Scorecard for GL7, shown in 
Figure 6 above, we can comment on the overall assessment of Project Management aspect 
of implementation. Out of the 55 weeks over which the project was executed, there were 
29 weeks where the PM_TC variable was scored as High, and 14 weeks where the PM_TC 
variable was scored as Medium, leaving 12 weeks where the PM_TC variable was scored 
as Low. Overall the PM_TC score was Medium or High for 43 weeks out of 55, which is 
78% of the project time. 
The PM_ME and PM_TC scores are in agreement with the impressions obtained from the 
ISD personnel that the project was successful from a standpoint of project management. 
4.2 Readiness 
This aspect of the implementation was measured along the following five constructs, each 
covering a number of themes.  
• Environment (RD_EV):  The environment variable covered the following themes 
– System Support, Administrative Support, Implementation Expectation and Re-
wards & Recognition. 
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• Individual’s Mindset (RD_IM): The individual’s mindset variable covered the fol-
lowing themes – Psychological Safety, Autonomy, Training, Time Availability. 
• Individual’s Readiness (RD_IR): The individual’s readiness variable covers the fol-
lowing themes – Appropriateness, Efficacy and Valence. 
• Application (RD_AP): The application variable covers the themes of Learning by 
Doing. 
• Adoption (RD_AD): The adoption variable covers the following themes – Com-
mitment, Leading Change in Others, and Reflection & Internalization. 
As outlined in the Data Collection section, the survey was administered to EPIC users at 
Nash and Wayne, in the Pharmacy and Laboratory departments. Out of 176 EPIC users 
invited to participate in the survey, we received 40 responses. Out of the 40 responses, 6 
surveys were abandoned before completion and these were excluded from analysis. The 
following results correspond to the 34 complete survey responses. 
Figure 8 below shows the results from the data analysis performed on survey responses. 
Results have been reported for every construct as well as for every theme. This allows us 
to drill down into which themes under a construct might need attention. One thing to note 
here is that the score for a construct is not a direct combination of a score of its constituent 
themes. Rather, the effect of the underlying questions is reflected in the scores of the 
themes as well as constructs, by virtue of the grouping of questions at the construct level 
and at the theme level.  
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Figure 8 Results from the Readiness Survey in context of GL7 from Nash and Wayne respondents 
In the sections below we present the result of the readiness survey for each variable for 
Readiness (RD) 
4.2.1 Environment (RD_EV) 
Looking at the first section of Figure 8, the results show that this variable (construct) had 
a mean score of 3.93 and standard deviation of 0.77. The lower level of the range of central 
spread (Mean – StdDev) is 3.15, which is assessed as a High score since the lower value is 
above 3.00. 
The underlying themes scores are also presented in the table. From these, we can conclude 
that respondents’ agreement was High with the statements that implied EPIC was a top 
Mean StdDev Mean ± StdDev Score
Environment 3.93 0.77 3.15 - 4.70 High
      System Support (Support existed for reporting and resolving issues) 3.52 1.05 2.47 - 4.56 Low
      Administrative Support (Support existed for EPIC adoption) 4.21 0.89 3.32 - 5.10 High
      Implementation Expectations  (EPIC was a top priority) 4.07 0.74 3.33 - 4.80 High
      Rewards and Recognitions (Using and learning EPIC was positively recognized) 3.67 1.26 2.40 - 4.93 Low
Mean StdDev Mean ± StdDev Score
Individual's Mindset 3.57 0.72 2.84 - 4.29 Medium
      Psychological Safety (I felt safe to admit human errors in EPIC) 4.21 0.83 3.37 - 5.04 High
      Autonomy (I was given the freedom to engage with EPIC enhancement activities) 3.46 1.18 2.27 - 4.64 Low
      Training (I was prepared to participate on EPIC) 3.31 1.33 1.98 - 4.65 Low
      Time Availability (I was given the time to learn EPIC before the go-live) 3.05 0.76 2.29 - 3.81 Low
Mean StdDev Mean ± StdDev Score
Individual's Readiness 3.63 0.67 2.96 - 4.30 Medium
      Appropriateness (EPIC was an improvement) 3.64 0.85 2.79 - 4.50 Medium
      Efficacy (I was ready to use EPIC) 3.82 0.68 3.14 - 4.50 High
      Valence (Using EPIC improved my job and improved job engagement and respect) 3.25 0.83 2.42 - 4.08 Low
Mean StdDev Mean ± StdDev Score
Application 3.96 0.77 3.19 - 4.73 High
      Learning by Doing (I engage with EPIC) 3.96 0.77 3.19 - 4.73 High
Mean StdDev Mean ± StdDev Score
Adoption 3.64 0.59 3.06 - 4.23 High
      Commitment (I am using EPIC to improve operations) 4.14 0.79 3.36 - 4.93 High
      Leading Change in Others  (I encourage others to use EPIC) 3.80 0.70 3.10 - 4.50 High
      Reflection and Internalization (I believe in EPIC long term) 3.23 0.68 2.55 - 3.92 Medium
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priority in the respective Entity, and there were support systems available for EPIC adop-
tion. However, the respondents had a Low agreement score with the statements that support 
was present to report issues, and their use of EPIC was positively recognized.  
These results give an insight into the respondents’ dissatisfaction on some of these themes. 
This may exist due to multiple reasons, for example, maybe the participants did not know 
how to report issues, or maybe the system to report issues was not user friendly. The exact 
reasons for these disconnect need to be investigated further by the project team. However, 
the advantage of this framework is that it elicits these responses from the users which can 
be understood at a thematic level for further action. 
Overall, on this variable (RD_EV), the readiness aspect was assessed as High, implying 
that most of the respondents agreed that the implementation Environment was conducive 
to their readiness. 
4.2.2 Individual’s Mindset (RD_IM) 
Looking at the second section of Figure 8, the results show that this variable (construct) 
had a mean score of 3.57 and standard deviation of 0.72. The lower level of the range of 
central spread (Mean – StdDev) was 2.84, which is assessed as a Medium score since the 
lower value is above 2.50 but below 3.00. 
The underlying themes scores are also presented in the second section. From these, we can 
conclude that respondents’ agreement was High with the statements on Psychological 
Safety but Low on the themes of Autonomy, Training and Time Availability. This implied 
that while participants were encouraged to report issues on EPIC and there was a general 
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atmosphere of safety in making errors while learning the use of EPIC, there was also a 
certain dissatisfaction with the respondents’ perception on the trainings that they received 
and the time that was available to them to learn EPIC while also performing their regular 
duties at the hospital. 
Overall, on this variable (RD_IM), the readiness aspect was assessed as Medium, arising 
from the fact that on one theme, that of safety, the score was quite high but quite low on 
the other themes, primarily on the training front and the amount of time available to the 
respondents’ for participating in training activities. 
4.2.3 Individual’s Readiness (RD_IR) 
Looking at the third section of Figure 8, the results show that this variable (construct) had 
a mean score of 3.63 and standard deviation of 0.67. The lower level of the range of central 
spread (Mean – StdDev) was 2.96, which is assessed as a Medium score since the lower 
value is above 2.50 but below 3.00, although the value of 2.96 is close to 3.00. 
The underlying themes scores are also presented in the third section. From these, we can 
conclude that while respondents’ agreement was High with the statements on Efficacy, but 
Low on the theme of Valence and Medium on the theme of Appropriateness. This implied 
that respondents felt that they were ready to use EPIC in their work on an ongoing basis. 
Although the scores for Trainings was low, as seen in the previous section on Individual 
Mindset, the Efficacy score being high might be attributed to the fact that the survey was 
conducted six months after the Go-Live, during which time the respondents’ would have 
had an opportunity to learn and use EPIC. The low scores of Valence (connecting EPIC to 
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respondents’ job engagement and respect) and Appropriateness (finding EPIC to be an im-
provement over their legacy systems) possibly hint to the possibility that there needs to be 
more efforts in making sure the reasons for adoption of EPIC at the entities are well under-
stood by the end users and they are able to find value in EPIC in their day to day jobs. 
Overall, on this variable (RD_IR), the readiness aspect was assessed as Medium, arising 
from the fact that on one theme, that of Efficacy, the score was quite high but also on other 
themes, namely Valence and Appropriateness, the scores weren’t high. 
4.2.4 Application (RD_AP) 
Looking at the fourth section of Figure 8, the results show that this variable (construct) 
had a mean score of 3.96 and standard deviation of 0.77. The lower level of the range of 
central spread (Mean – StdDev) was 3.19, which is assessed as a High score since the lower 
value is above 3.00. 
This construct only had one theme, which talks about the participants current engagement 
with EPIC. On this theme, the participants gave a resounding agreement with the theme 
that they use EPIC now. This is expected since EPIC is live at their place of work. Com-
paring this theme with the Efficacy score from the previous section also underscores the 
possibility that despite issues with training, the respondents treated this statement as a dec-
laration of their current use of EPIC. 
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4.2.5 Adoption (RD_AD) 
Looking at the last section of Figure 8, the results show that this variable (construct) had 
a mean score of 3.64 and standard deviation of 0.59. The lower level of the range of central 
spread (Mean – StdDev) was 3.06, which is assessed as a High score since the lower value 
is above 3.00. 
The underlying themes scores are also presented in the last section. From these, we can 
conclude that the respondents’ agreement was High with the statements on Commitment 
and Leading Change in Others. However, the score was Low on the theme of Reflection 
and Internalization which reveals some disagreement on the respondents’ belief in EPIC to 
serve as an agent of change in patient care outcomes. This finding too goes on to support 
the viewpoint that there needs to be an effort in the direction to help users mentally align 
themselves with the benefits of EPIC to their immediate work and to gain their trust on 
EPIC. 
Overall, on this variable (RD_AD), the readiness aspect was assessed as High, arising from 
the fact that on the themes of Commitment and Leading Change, the score was quite high 
but also on the other theme, namely Internalization, the score was Medium, possibly hint-
ing that people have adopted EPIC and committed to it as a directive rather than as some-
thing they believe in. 
4.2.6 Overall Assessment of Readiness for GL7 
We take a moment to reflect on the overall perception of the Readiness aspect of imple-
mentation based on the respondents’ feedback on the survey. 
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Across the results from the survey, as seen in Figure 8, the mean scores of each construct 
and theme were above 3, which means that a large percentage of the respondents generally 
agreed to the readiness of EPIC implementation. Overall, a High score on the Environment, 
Application and Adoption and a Medium Score on Individual’s Mindset and Individual 
Readiness hint to the general readiness of the system geared towards EPIC implementation. 
However, the analysis at a theme level reveals some disconnects which can be a valuable 
feedback to the leadership at EPIC ISD as well as to the Entity leadership. Based on the 
lower limit of the central agreement range (indicated within brackets), the top five scoring 
themes were  
• Psychological Safety (3.37) 
• Commitment (3.36) 
• Implementation Expectations (3.33) 
• Administrative Support (3.32) 
• Learning by Doing (3.19) 
On the other hand, the lowest five scoring themes based on the lower limit of the central 
agreement range (indicated within brackets) were those of  
• Training (1.98) 
• Autonomy (2.27) 
• Time Availability (2.29) 
• Rewards and Recognition (2.40) 
• Valence (2.42) 
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 By looking at the combination of the top 5 and bottom 5 themes, one can identify the 
nature of the readiness and how this might have played out during the implementation. It 
seems quite strongly that respondents were concerned about the training provided to them 
and the time made available to them to participate in these trainings, which could be an 
interlinked issue. Also, the scores highlight a gap in the users’ perception of the advantages 
of EPIC adoption.  
On the other hand, the scores also show a high agreement by the respondents on themes of 
commitment and application, along with a high score on leadership push and administrative 
support. Both of these groups speak to the possibility that the implementation was a top 
down effort and people have now fallen in line. However, they need to be brought up to 
recognize EPIC as a genuine improvement in their work process. 
4.3 Outcomes  
This aspect of the implementation was measured using the following two variables 
• Efficiency of Ticket Resolution (OC_TR) 
• Performance on Key Performance Indicators (OC_KPI) 
As outlined in the Data Collection and Data Analysis section, for these variables, there is 
already a mechanism in place at the ISD to track these variables on a regular basis. E.g. 
After the Go-Live, the ISD team reports on a daily basis. Similarly, the KPIs are being 
monitored by the ISD team on a regular basis, however, the KPIs for the surveyed depart-
ments i.e. Pharmacy and Laboratory were not being recorded at an ISD level but rather 
allegedly maintained with the respective entities. For this study, we propose the framework 
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to include the Ticket Resolution variable to be scored based on the existing tracking mech-
anism. We only introduce one piece of analysis which we found missing in the existing 
tracking systems. Further, as part of the framework for the KPIs we recommend the mainte-
nance of KPIs of departments at the ISD level so that the net result of the outcomes of the 
project may be closely tracked by the ISD itself. 
4.3.1 Efficiency of Ticket Resolution (OC_TR) 
We looked at the data for tickets raised in the system based on a report from the ticket 
tracking system that exists at ISD. The issue tracking system also allows the ISD personnel 
to report ticket statistics, such as Number of Tickets opened daily, closed daily and remain-
ing open, as shown in Figure 9. We feel that this tracking data and reporting mechanism 
is good enough to be absorbed verbatim in the framework.  
 
Figure 9 Tickets Opened, Closed and Backlog for each day (since GoLive) [Reproduced from ISD Meeting Deck] 
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To assign High, Medium, and Low score to these numbers, we would need to create a 
benchmark to identify appropriate levels. This would be possible only with data from mul-
tiple implementations available based on which suitable benchmarks can be proposed. 
4.3.2 Performance on Key Performance Indicators (OC_KPI) 
As reported in the Data Collection and Data Analysis sections, most of the KPIs available 
at ISD were reported at the entity level, however we needed to assess KPIs at the depart-
mental level to be able to draw inferences between the performance of users on these KPIs 
from a pre- vs. post- perspective of implementation.  
The information from the KPIs could also have been correlated with the users’ feedback 
from the readiness survey used in this study. However, with only two KPIs available for 
Pharmacy, namely, Formulary Compliance at Order Signing and Formulary Compliance 
at Order Verification. As per the available definition, this KPI shows the number of non-
formulary medication orders. 
The KPI information was shared in a highly structured format, that allowed tracking of 
KPIs on a regular basis. We believe the framework can absorb this tracking mechanism 
verbatim. 
Further, even for these available KPIs, the values were only reported for three instances 
before go-live and one instance after go-live, i.e. after a month since go-live. The data for 
KPIs that were available can be seen in Figure 10 below. 
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Figure 10 KPI values for Pharmacy at Nash and Wayne 
Looking at these values, we can say that at Nash the implementation of EPIC saw the KPI 
remain unchanged at 99 from Pre-Live to Post-Live ‘At Order Signing’ and changed from 
99 to 100 from Pre-Live to Post-Live ‘After Verification’. At Wayne, the number changed 
from 95 to 99 from Pre-Live to Post-Live ‘At Order Signing’ and from 99 to 100 from Pre-
Live to Post-Live ‘After Verification’. 
As we noted before, little context was available for these KPIs during this study so further 
analysis was not possible. However, we were told that KPI data can be sourced from re-
spective entities for each department as KPIs are maintained for multiple reasons by the 
entity. At this study, however, we were not able to get data beyond what we have reported 
above.  
From a framework perspective, the above structured format can be absorbed verbatim in 
the framework. The only further requirement would be to be able to assign High / Medium 
/ Low scores to the KPI performance. Just like for ticket resolution, we believe that bench-
marking of this data would be required which can be done if more data is made available. 
 
Metric Application Pre-Live Value 1 Pre-Live Value 2 Pre-Live Value 3
Pre-Live 
Average Value
1 Month Post-Live
Formulary compliance
Nash
o At Order Signing Willow Inpatient 99 99 99 99 99
o After Verfication Willow Inpatient 99 99 99 99 100
Wayne
o At Order Signing Willow Inpatient 95 95 95 95 99
o After Verfication Willow Inpatient 99 99 99 99 100
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5 Discussion 
5.1 Contribution of this Study 
5.1.1 Successful development of a measurement and assessment framework 
We started this study with an observation from a senior leader at UNC Health Care –  
“The ISD team has conducted 7 major and innumerable minor ‘go live’ 
conversions from other systems to EPIC. Each one is a bit different due 
to the legacy systems but more importantly the nature of the organiza-
tion. The informatics issues of implementation are pretty-well known … 
but the organizational issues are more interesting … across the imple-
mentations, we collect lots of data to measure outcome after the Go-
Live, like … # patients seen, staff trained, incident reports, … etc. What 
was interesting is that implementations seem to get better & more effi-
cient with each of these implementations, not a matter of just quicker.”  
When a system such as EPIC is implemented time and again at different entities, as the 
implementation team improves on its processes and gains experience with EPIC, the pro-
ject managers and leadership seem to know that the performance is improving in subsequent 
implementation projects. This got us thinking if it was possible to measure the phenomenon 
of implementation. If so, how would one go about doing this task? Further, could we really 
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quantify the improvement to the extent that we may identify specific areas where we have 
done well, and areas where we need improvement? 
These were the questions with which we began our study. In the preceding sections we 
outlined our study aimed to examine the feasibility of developing a framework which could 
be used to objectively measure the different aspects of implementation of EHR systems. 
We presented the methods of Data Collection and Data Analysis wherein we collected and 
analyzed data corresponding to a particular implementation project (code named GL7) of 
EPIC, a well-known EHR system, at the Nash General Hospital and Wayne Memorial Hos-
pital in North Carolina, USA. The results of our analyses have also been shared in the 
preceding sections.  
With the help of this pilot study on GL7, firstly, we were able to define a framework with 
its components such as Project Management, Readiness and Outcomes, and the further 
factors that contribute to each component. These are the aspects along which the frame-
work aims to score the implementation.  
We then tested the defined framework on real data from GL7 to see if the framework was 
able to provide evidence to support the opinions of the ISD personnel and leadership that 
GL7 was a success. We found that the framework was highly effective in measuring the 
implementation week on week and gave scores which were well in agreement with the on-
ground perception of GL7. 
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5.1.2 Dashboard for the Framework 
To take this idea forward, we propose a dashboard as outlined in Figure 11. This dashboard 
is a comprehensive view of the health of the project at a particular entity at a given time, 
which can be used to communicate the scores with the leadership and other project stake-
holders. This dashboard also allows for drill down into details of why a particular compo-
nent is scored the way it is. We envisage that this type of dashboard can be particularly 
useful in providing a medium for communication and as a tool on which discussions on 
project health can be based. 
 
Figure 11 Proposed Dashboard for the Framework 
In the left-hand part of the figure we can see the overall view of dashboard, giving an 
outline of the three aspects and the score levels of their component variables. For illustra-
tion we have used the data for Week 17 to populate the PM scores, and the data from the 
readiness survey to populate the RD scores. OC scores for KPIs, given their limitations are 
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assumed to be green. Since we are in the pre go-live phase of the project, the OC scores for 
Ticket Resolution are not applicable.  
Score levels are shown as visual representation in the form of color-coded circles, follow-
ing a ‘traffic light’ scheme of colors as was seen in the ISD presentations. This decision 
was a conscious one, aiming to use the same color language which the leadership is com-
fortable with. 
The other information available on the left-hand part of the figure is a switcher for the week 
which will allow the user to switch to the next or previous week. Also, there is a magnifying 
glass icon to the right of each component which can be clicked to drill down to the details 
of a particular component. 
In the right-hand part of the figure we can see a drill down view of the Task Completion 
component. The right-hand side view shows the score level history of this PM components 
over the weeks. In one view we see the details of the current week as well as the history, 
which can be an especially useful representation to understand the trends of this score. 
Further the other information on this view is the list of other underlying factors that con-
tribute to this component and their individual scores. By looking at this we can infer which 
of the factors is causing the score to be Low, Medium, or High. In this case, we can see 
that the PM_TC variable has a score level low, which on further drill down reveals that the 
low score is due to a Low score on PCM and Medium scores on LCM and WCM. 
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5.1.3 Identifying Success Factors  
Once the framework was proposed, by applying this framework to GL7, we could also 
reveal some of the critical success factors which helped to make GL7 a success. The out-
comes presented in this research indicate that a combination of many factors contribute to 
the success of an implementation project.  
• From a Project Management perspective, a key highlight was the completion of 
future due tasks in advance which led to a High PM_TC scores. Also, from a meet-
ing effectiveness perspective, a good contribution to meeting effectiveness was to 
include a senior leader in the meeting. 
• From a Readiness perspective, the user surveys revealed strong commitment to 
EPIC even though there was dissatisfaction on time availability for participating in 
trainings. Further, the survey highlighted a need to promote the importance and 
aims of implementing EPIC to the end users so that they truly feel engaged with 
the change and not just participants in a top down push effort to implement one 
system in lieu of another. 
• From an Outcomes perspective, we found that the current approach of measuring 
and tracking performance is quite refined and advanced and can be absorbed as is 
in the framework. Completion of the ticket backlog is a crucial factor which would 
contribute to the success of implementation on this aspect. 
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5.2 Limitations and Future Work 
One of the most pressing limitations of this work was the shortage of time available to 
conduct the study. The entire study was limited to one semester which made the scope of 
the study quite ambitious, given the need to analyze each of the three aspects of the imple-
mentation, using different data collection and analysis techniques. Due to this, the present 
study was very heavy on data collection and data analysis, which left a less than desired 
time to ground the research with a strong literature review. In the future upgrades to this 
work, we recommend conducting a more thorough survey of literature in this field. 
From a Data Collection perspective, regarding the Project Management, we had to rely on 
the ISD personnel’s impressions on the different meeting types which in turn needed them 
to perform a retrospective look and fill up details based on their recollections about each 
meeting instance. This was not only mentally exhausting but also limited by the time avail-
able for the ISD personnel to work on this project, and further ran the risk of wrong data 
being captured. Due to this limitation, we only presented in detail the illustration of one 
meeting type for which we had rich data for both Nash and Wayne. Ideally, we would have 
liked to present more than one meeting type to illustrate the calculation of the score based 
on multiple meetings in a week. However, this does not impact the framework at all, since 
when we apply this framework on a current project this data would be collected in an on-
going manner. 
Further, from a Data Collection perspective, regarding the Readiness, we felt that the re-
sponse count of 34 was too low for us to be able to conduct detailed demographic analysis 
as desired. We also could not conduct an analysis contrasting and comparing the results 
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from Nash and Wayne separately. With the benefit of hindsight, we realize that one of the 
mitigation strategies to address this risk of low participation is to have initiated the survey 
early and to have kept it open for longer with multiple reminders to promote participation. 
Finally, continuing from a Data Collection perspective, regarding the Outcomes, we feel 
that the data received for KPIs was not sufficient for conducting the analysis and future 
versions of this work might do well to ask for this information from the entities in the view 
of the time it takes to receive data. Also, more data from different projects is needed to 
create benchmarks for the performance on outcomes. Presently, we report the data as is, 
but we do not really know if a particular number is good or bad.  
5.3 Conclusion 
In this study, we looked at the feasibility to create such a framework that quantifies three 
distinct aspects of implementation, namely Project Management, Readiness, and Out-
comes. This framework enables us to measure the project as it progresses in execution and 
assigns scores for each of these aspects, over time. By looking at these scores, one may 
assess objectively the progress of the project over the course of its entire execution. 
Further, scoring implementation projects on the framework provide an opportunity to ob-
jectively examine the improvement of the implementation practice and compare imple-
mentation projects to understand the differences between different implementations.  
Further in the course of development of this framework, we identified critical factors that 
contribute to each aspect. These critical factors can be seen as areas of emphasis which 
determine if the implementation would be a success.
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